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FOREWORD 


TH»S  report  is  PUDLISKED  ANMUAtLY  AMD  SUMMARIZES  WESTERN  ANP 
Central  North  Pacific  typhoons.  During  1961,  no  typhoons  were  re¬ 
ported  IN  THE  Central  North  Pacific. 

The  Joint  Meteorological  Group,  Pacific  Command,  through  CINCPACFLT, 
AS  executive  agent,  redesignated  Fleet  Weather  Central,  Guam  as  Fleet 
Weather  Central/ Joint  Typhoon  Warning  Center  (FWC/jtWC),  Guam,  effec¬ 
tive  1  May  1959,  with  the  following  additional  responsibiuities: 

1,  To  provide  warnings  to  U.  S,  Government  agencies  for  all 
tropical  cyclones  west  of  180  degrees  longitude  north  of  the  equator 
TO  the  Asiatic  coast  and  Malayan  Peninsula. 

2.  To  determine  tropical  cyclone  reconnaissance  requirements 

AND  ASSIGN  PRIORITIES, 


3,  To  CONDUCT  investigative  ANP  POST  ANALYSIS  PROGRAMS  INCLUDING 
PREPARATION  OF  THE  ANNUAL  TYPHOON  REPORT, 

4,  To  CONDUCT  TROPICAL  CYCLONE  FORECASTING  AND  DETECTION  RESEARCH 
AS  PRACTICABLE. 


Fuchu  Air  Force  Weather  Central,  assisted  as  necessary  by  Fleet 
Weather  Facility,  Yokosuka,  was  designated  as  alternate  JTWC  in  case 
OF  failure  of  FWC/JTWC,  Guam, 

The  JTWC,  which  is  an  integral  section  of  FWC/JTWC,  Guam,  is 

STAFFED  BY  TWO  AlR  FORCE  AND  TWO  NAVY  METEOROLOGISTS  AND  THREE  EN¬ 
LISTED  MEN  FROM  EACH  SERVICE.  THE  SENIOR  AlR  FORCE  OFFICER  HAS  BEEN 
DESIGNATED  AS  THE  DIRECTOR,  JTWC. 


The  Joint  Hurricane  Warning  Center  in  Hawaii,  a  coordinated  agency 

COMPOSED  OF  THE  U,  S.  WEATHER  gUREAU,  HONOLULU,  THE  AlR  FORCE  KuNIA 

Weather  Center,  and  Fleet  Weather  Central,  Pearl  Harbor,  is  responsible 

FOR  SURVEILANCE  AND  ISSUANCE  OF  WARNINGS  IN  THE  CENTRAL  NORTH  PACIFIC 
AREA  NORTH  OF  THE  EQUATOR  BETWEEN  180  DEGREES  AND  WEST  OF  140  DEGREES 
WEST,  There  was  one  tropical  storm,  PAUUIHE,  in  October  1961,  and 
THERE  were  NO  TROPICAL  DEPRESSIONS  WITHIN  THIS  AREA, 
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CHAPTER  I 


OPERATIONAL  PROCEDURES 
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A.  GENERAL 

Operational  procedures  take  two  steps,  that  of  analysis  and  fore¬ 
cast  AIDS,  IN  THE  PREPARATION  SEQUENCE  PRIOR  TO  ISSUING  THE  WARNING. 

Within  the  Fleet  Weather  Central/Joint  Typhoon  Warning  Center  (FWC/ 
JTWC),  THE  BASIC  ANALYSIS  IS  THE  RESPONSIBILITY  OF  THE  FLEET  WEATHER 
Central  (FWCO.  Micro- analysis,  forecast  aid  evaluation,  and  the  warn¬ 
ings  AS  described  below,  are  the  functions  of  the  Joint  Typhoon  Warn¬ 
ing  Center  (JTWC), 

B.  ANALYSIS  -  FWC/JTWC: 

1,  Types  of  contour  and/or  streamline  charts: 


A. 

Surface  (Fig,  1 ) 

8. 

700 

MB 

C. 

500 

MB 

D. 

300 

MB 

E. 

200 

MB 

F. 

100 

MB 

2,  Cross  Sections: 

A,  Checkerboard  or  Stidd  Diagram  (Fig.  2) 

B.  Time  Cross  Sections  analyzed  for  ©e  (Fig.  3) 
c.  Space  Cross  Section  (Fig,  4) 

3,  Micro-Analysis: 

A,  Sectional  charts,  hourly  and  3  hourly,  as  required 

B.  Reconnaissance  reports  (Fig.  5) 

4,  Space  Mean  Chart  at  500  mb  with  the  M-1  and  M-2  fields, 

5,  Easterly  Wave  Continuity  Graph  (Fig,  6) 

C,  FORECAST  AIDS 

These  are  listed  in  alphabetical  order  so  as  not  to  (infer  that 

ANY  OTHER  ORDER  WOULD )  ESTABLISH  A  PRIORITY  OF  IMPORTANCE, 

1,  Climatology 

Once  a  tropical  cyclone  has  been  detected,  the  first  step 

IN  PREPARING  TO  ISSUE  THE  INITIAL  WARNING  IS  TO  LAY  OUT  A  TRACK  BASED 
ON  CLIMATOLOGY,  THIS  TRACK  IS  LAID  OUT  ON  THE  TOP  ACETATE  OF  THE 
WORK  CHART  DESCRIBED  BELOW  SO  AS  TO  EXTEND  IT  4  OR  5  DAYS  AT  THE 
SPEED  INDICATED  BY  CLIMATOLOGY,  NEXT,  THE  TRACK  IS  MODIFIED  IN 
ACCORDANCE  WITH  THE  EXISTING  AND  FORECAST  UPPER  AIR  PATTERN,  AFTER 
WHICH  THE  INITIAL  WARNING  IS  PREPARED  AND  ISSUED.  THE  FORECAST  TRACK 
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IS  EXTENDED  AND  MODIFIED  WITH  TIME,  AS  RECONNAISSANCE  FIXES  ARE  RE¬ 
CEIVED  AND  THE  SYNOPTIC  UPPER  AIR  PATTERN  CHANGES, 

The  finest  compilation  of  typhoon  climatological  data  for 

THE  PAST  78  YEARS  IS  CONTAINED  IN  THE  PUBLICATION  OF  THE  ROYAL  OBSER¬ 
VATORY  Hong  Kong,  "Tropical  Cyclones  in  the  Western  Pacific  and  China 
Sea  Area,” 

2,  Computer  Products 

In  1961,  THE  prognosis  FUPA  53  and  56,  products  of  JNWP, 

WERE  used  extensively.  LONG  WAVE  POSITIONS  AND  PROGNOSES  (FiG,  7) 

WERE  RECEIVED  IN  NOVEMBER  1961  FROM  THE  FLEET  NUMERICAL  WEATHER 
Facility,  Monterey,  California  (FNWF),  Also,  Zonal  Index  computations 
ARE  expected  FROM  FNWF  AND  WILL  BE  EVALUATED  DURING  THE  1962  SEASON, 

IT  IS  UNDERSTOOD  THAT  IN  ADDITION  TO  JNWP,  NOW  NMC,  THAT 
FNWF  AND  Kunia  Air  Force  Weather  Central  will  provide  typhoon  com¬ 
puter  POSITION  forecasts  IN  1962,  During  1961,  though  irregularly 
received,  JNWP  positions  were  CONSIDERED  FOR  TRACK  HEADING  AND  SPIRAL 
OF  MOVEMENT  BUT  NOT  THE  COORDINATES  FOR  WARNINGS. 

3,  Coordination 

Coordination  with  other  agencies  is  routine  to  obtain  their 
considerations  prior  to  issuance  of  a  warning.  When  a  circulation, 

FOR  WHICH  WARNINGS  ARE  BEING  ISSUED,  IS  N  OF  APPROXIMATELY  20N,  FUCHU 
Air  Force  Weather  Central  transmits  coordination  forecasts  twice 
DAILY  TO  JTWC,  Coordination  with  other  Air  Force  and  Navy  activities 
IS  ON  AN  "as  required”  BASIS  DEPENDING  UPON  THE  LOCATION  OF  A  PARTI¬ 
CULAR  TROPICAL  CYCLONE. 

4.  Statistical  Methods 

See  Chapter  V  for  research  papers  on  the  Miller-Moore  and 
Arakawa  equations. 

5.  Steering 

See  Chapter  IV  on  the  individual  typhoon  write-ups. 

The  space  mean  chart,  as  discussed  herein,  is  a  brief  on 
HOW  it  is  used  at  FWC/JTWC.  The  chart  is  constructed  from  the  500  mb 
chart  and  has  the  single  space  mean,  double  space  mean,  and  double 
SPACE  mean  plus  THE  M-2  FIELD  THEREON,  DURING  THE  TYPHOON  SEASON  THE 
CHART  IS  PRODUCED,  AS  NEEDED,  EXCEPT  THAT  BETWEEN  JULY  AND  NOVEMBER 
IT  IS  CONSTRUCTED  TWICE  DAILY,  ONE  GREAT  ADVANTAGE  OF  THE  CHART  IS 
THAT  IT  MORE  NEARLY  PORTRAYS  THAT  PORTION  OF  THE  ATMOSPHERE  UNDER 
CONSIDERATION  ON  ONE  CHART,  THAN  DOES  ANY  OTHER  ANALYSIS  OR  SYSTEM 
OF  PRESENTATION, 
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The  CHART  IS  useful  for  steering  S  of  the  ridge  line  under 
THE  FOLLOWING  conditions: 

A,  When  the  typhoon  is  moving  along  the  S  periphery 

OF  A  LARGE  QUAS l-STAT I ONARY  ANTICYCLONE,  THE  SINGLE  SPACE  MEAN  MAY 
ACT  AS  A  STEERING  TOOL  AS  FAR  AS  8  TO  10M  TO  THE  RIDGE  LINE.  A  TYPI¬ 
CAL  EXAMPLE  OF  THIS  SITUATION  IS  THE  TRACK  OF  NANCY. 

B,  When  the  synoptic  features  are  performing  consis¬ 
tently,  A  prognostic  chart  can  be  constructed  from  the  single  space 

MEAN  TO  BE  USED  A?  A  STEERING  TOOL  FROM  ION  TO  THE  RIDGE  LINE.  SEV¬ 
ERAL  TYPHOONS  FULFILLED  THIS  CATEGORY. 

c.  The  single  space  mean  may  be  used  with  a  lesser 
DEGREE  OF  RELIABILITY  FROM  15N  TO  THE  RIDGE  LINE  AT  ANY  TIME  EXCEPT 
WHEN  THE  CYCLONE  IS  UNDER  OR  NEAR  AN  INVERTED  TROUGH- AXIS.  AT  THIS 
TIME,  THE  CYCLONE  USUALLY  "DRIFTS,”  FREQUENTLY  TO  THE  W,  BUT  THE 
CHART  IS  NOT  RELIABLE  AS  A  STEERING  TOOL.  THE  CIRCULATION  MAY  ALSO 
"loop"  UNDER  THESE  CONDITIONS,  ANALYSIS  IS  SELDOM  SUFFICIENTLY  PRE¬ 
CISE  TO  interpret  THESE  CIRCUMSTANCES,  TILDA  IS  AN  EXAMPLE  OF  THIS 
SITUATION,  AND  THE  TYPHOON  DRIFTED  WESTWARD,  LORNA  LOOPED  WHILE  NEAR 
THE  AXIS  OF  THE  INVERTED  TROUGH  JUST  E  OF  THE  PHILIPPINES,  221200Z 

August, 


The  space  mean  chart  will  aid  in  forecasting  the  point  of 

RECURVATURE  BUT  SHOULD  BE  USED  WITH  CAUTION  FOR  ON  LARGE  TYPHOONS 
THIS  POINT  MAY  BE  A  DEGREE  OR  TWO  N  OF  THAT  INDICATED  BY  THE  SPACE 
MEAN  CHART. 

After  recurving,  the  chart  is  used  to  forecast  the  movement 

OF  the  TYPHOON  SOMEWHAT  SIMILAR  TO  THAT  OF  FORECASTING  THE  MOVEMENT 
OF  EXTRATROPICAL  SYSTEMS. 

It  is  EMPHASIZED  THAT  THE  SPACE  MEAN  CHART  IS  ANOTHER  TOOL, 
ONE  OF  MANY,  AND  CANNOT  BE  SUCCESSFULLY  USED  AS  THE  SOLE  DEVICE  FOR 
MAKING  TYPHOON  TRAJECTORY  FORECASTS, 

An  IMPORTANT  DERIVATIVE  OF  THE  SPACE  MEAN  CHART,  THE  LONG 
WAVE  PATTERNS  THAT  ARE  PRODUCED  AND  PROVIDED  BY  FNWF,  MONTEREY,  AIDS 
IN  DETERMINING  THE  CONDITIONS  OF  THE  MAJOR  ATMOSPHERIC  FEATURES  IN 
THE  NORTHERN  HEMISPHERE  AND  IS  A  GUIDE  TO  THE  CHANGES  THAT  MAY  BE 
EXPECTED  THROUGHOUT  THE  HEMISPHERE,  THESE  PATTERNS,  WHEN  USED  WITH 
THE  SPACE  MEAN  CHART  THAT  COVERS  THE  WESTERN  NORTH  PACIFIC,  PROVIDE 
A  SUBSTANTIAL  BACKGROUND  UPON  WHICH  TO  BASE  TYPHOON  FORECASTS. 

6,  SURVEILANCE  SYSTEMS 

See  Chapter  II  for  evaluations  of  aerial  reconnaissance, 

LAND  RADAR,  AND  SATILLITES, 
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7.  Wachholz  Graph 


Refer  to  report  of  valsdity  of  thjs  graphical  correlatiom 

OF  MEASURED  AND  OBSERVED  EYE  METEOROLOGICAL  PARAMETERS  TO  MAXIMUM 
SURFACE  WIND  IN  CHAPTER  V. 

8.  Work  Chart 

As  AN  OPERATIONAL  AND  RECORDING  TOOL  IN  PREPARING  TROPICAL 
CYCLONE  WARNINGS,  A  BASIC  CHART  FROM  THE  PACIFIC  AIRWAYS  PLOTTING 

Chart  series,  plus  3  acetate  overlays  is  used.  All  aircraft  and 

RADAR  FIXES  ARE  PLOTTED  ON  THE  BASIC  CHART.  TWENTY-FOUR  HOUR  FORE¬ 
CAST  POSITIONS  ARE  PLOTTED  ON  THE  BOTTOM  OVERLAY,  WARNING  POSITIONS 
ARE  PLOTTED  ON  THE  SECOND  OVERLAY,  AND  THE  TOP  OVERLAY  IS  UTILIZED 
AS  A  WORK  SHEET, 

0.  WARNINGS 

Warnings  are  filed  and  transmitted  every  6  hours  at  synoptic 
TIMES  OF  OOOOZ,  0600Z,  1200Z,  and  1800Z.  In  accordance  with  CINCPAC 
IMST  3140,1  C.,  the  message  contains  the  present  position  of  the  trop- 

ICALCYCLONE  BEING  VALID  FOR  THE  SCHEDULED  TRANSMISSION  TIME,  THERE¬ 
FORE,  THE  "present  position”  OF  A  TROPICAL  CYCLONE  IS  ACTUALLY  A 
SHORT  RANGE  FORECAST  POSITION,  THIS  POSITION  MAY  BE  BASED  ON  A  RE¬ 
CONNAISSANCE  FIX  30  MINUTES  TO  PERHAPS  6  HOURS  OLD,  ON  SURFACE  OBSER¬ 
VATIONS  AS  MUCH  AS  6  HOURS  OLD,  ETC.,  AS  CONFIRMED  IN  THE  WARNING, 

It  is  FOR  THIS  REASON  THAT  THE  0600Z  WARNING,  FOR  EXAMPLE,  MAY  NOT 
AGREE  WITH  THE  POSITION  OF  THE  TROPICAL  CYCLONE  AS  INDICATED  BY  THE 

0600Z  ANALYSIS,  Amendments  are  issued  when  the  difference  is  signi¬ 
ficant,  The  numbers  of  tropical  warnings  run  consecutively  when  the 
cyclone  is  upgraded  OR  DOWNGRADED,  iF  WARNINGS  ARE  DISCONTINUED  AND 
the  circulation  regenerates,  the  new  series  OF  WARNINGS  ARE  NUMBERED 
consecutively  FROM  THE  NUMBER  OF  THE  LAST  WARNING  OF  THE  PREVIOUS 
SERIES,  When  necessary,  amendments  and  corrections  are  issued,  and 
THESE  ARE  NUMBERED  THE  SAME  AS  THE  WARNING  WHICH  THEY  AMEND  OR  CORRECT, 

The  1961  Verification  Summary  is  contained  in  Chapter  Ml. 

All  24  and  48  hour  forecasts,  made  when  a  tropical  cyclone  is  of 
tropical  storm  or  typhoon  intensity,  are  verified  against  the  best 
1961  tracks  at  all  latitudes  through  the  last  warning  issued,  Sn 
1959  AND  1960  verification  v/as  limited  to  being  at  or  S  of  35N, 
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SURVEIUNCE  SYSTEMS 


A.  GEHERAL 

SURVEILANCE  QUALITY  IS  THE  KEY  TO  THE  ACCURACY  OF  EACH  WARNING 
POSITION  AT  TIME  OF  ISSUANCE.  TYPE,  TIMELINESS,  CAPABILITIES,  AND 
ACCOMPLISHMENTS  OF  EACH  SYSTEM  WILL  BE  THE  SUBJECT  MATTER  OF  THIS 
CHAPTER, 

B.  AERIAL  WEATHER  RECONNAISSANCE 

U,  S.  Air  Force,  WB-50  Aircraft 

56th  Weather  Reconnaissance  Squadron,  Yokoto  Air  Base,  Japan 
Lt.  Col.  E.  D,  Wallace,  Commander 
Waj.  R,  H.  Yaw,  Weather  Officer 
Det.  1  -  56th  Weather  Reconnaissance  Squadron,  Andersen  Air 
Force  Base,  Guam,  M.  I. 

Maj.  T.  J.  Maher,  Commander 

U,  S,  Navy,  WV-2  Aircraft  (effective  t  July  1961) 

Airborne  Early  Warning  Squadron  One,  NAS,  Agana,  Guam,  M.  I. 
Cor.  H.  B.  Kenton,  Commander 
Lt.  M,  J.  Moran,  Weather  Officer 

Due  to  the  extreme  paucity  of  surface  and  upper  air  meteorologi¬ 
cal  data  and  information  in  the  Western  Pacific  area  (WESTPAC),  the 
vitalncss  of  aerial  reconnaissance  to  meteorological  analysis  and 
forecast  effort  cannot  be  overemphasized. 

The  availability  of  accurate  and  complete  aerial  weather  recon¬ 
naissance  DATA  AND  INFORMATION  IS  PARTICULARLY  CRITICAL  IN  CONNECTION 
WITH  THE  LIFE  CYCLE  OF  ONE  OF  NATURE’S  MOST  DESTRUCTIVE  PHENOMENA, 

THE  TYPHOON.  THIS  IS  TRUE  FROM  THE  MOST  PRELIMINARY  FORMATIVE  STAGE 
TO  FINAL  DECAY  OR  TRANSFORMATION  TO  A  SYSTEM  EXHIBITING  EXTRA-TROPICAL 
CHARACTERISTICS. 

Attention  is  invited  to  the  fact  that  the  location  and  tracking 
OF  TROPICAL  DEPRESSIONs/sTORMs/tYPHOONS  IS  MERELY  ONE  SMALL  PHASE  OF 
THE  OVERALL  REQUIREMENT.  THE  ABILITY  TO  DETECT  AND  ANALYZE  VORTEX 
STRUCTURE,  PREDICT  FUTURE  INTENSITY  CHANGES,  FORECAST  WITH  REASONABLE 
ACCURACY  THE  VELOCITY  AND  CHANGES  THERETO  AND  DETERMINE  THE  PROBABLE 
AREA  OF  RECURVATURE  DEMANDS  ACCURATE  AND  TIMELY  EYE  AND  PERIPHERAL 
METEOROLOGICAL  DATA. 

Aerial  reconnaissance  requirements  and  capabilities  follow: 

A.  Requisite  Meteorological  Parameters  for  Measurement  on 
Eye-Penetration  Missions 
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1,  Temperature,  dew-point,  wind  speed  and  height  op 
THE  700  MB  SURFACE  BY  AIRCRAFT  INSTRUMENTATION. 

2.  Lapse  rate  from  the  700  mb  level  or  above  to 
earth’s  surface  WITH  SURFACE  TEMPERATURE  AND  PRESSURE  BY  DROPSONOE, 

3,  Location  of  the  pressure  center  within  the  eye 

BY  USE  OF  THE  RADIO  ALTIMETER. 

4.  Wind  velocity  pattern  within  the  eye,  wall-cloud 

CONFIGURATION,  TURBULENCE,  AND  WIND  SHEAR  BY  OBSERVER. 

B.  Requisite  Meteorological  Parameters  for  Measurement  on 
Circumnavigation  Missions 

1.  Same  as  A1,  above 

2.  Same  as  A2,  above,  at  pre-selected  points 

3.  700  mb  wind  velocity  pattern  from  Doppler  (or 
equivalent)  navigational  system, 

4.  Surface  wind  velocity  pattern  by  observer,' 

5.  Cloud  distribution  by  observer  and/or  airborne 

RADAR. 

6.  Spot  observations  in  accordance  with  established 

STANDARD  PROCEDURES. 

C.  Information  Provided  by  FWC/JTWC,  Guam,  Warnings  (based 
upon  requisite  meteorological  parameters  delineated  in  THE  PRECEDING 

PARAGRAPHS  A  AND  B 

1.  Existent  cyclone  intensity  and  predicted  intensity 

changes. 

2.  Direction  and  speed  of  movement  in  terms  of  in¬ 
tensity  AND  PAST  positions  OF  THE  CYCLONE. 

3.  Data  for  certain  statistical  predictive  formulae 
IN  THE  determination  OF  DIRECTION  AND  SPEED  OF  MOVEMENT. 

4.  Distribution  of  wind  speeds  in  the  various  cyclone 

QUADRANTS,  STRONG  AND  WEAK  WINDS,  RADIUS  OF  WINDS  AND  CHANGE  OF  RADII. 

5.  Research  data  for  typhoon  structure  and  behavior. 

6.  Meteorological  data  for  the  development  of  synop¬ 
tic  FORECAST  systems. 

The  deletion  of  any  portion  of  the  meteorological  data  require¬ 
ments  contained  in  paragraphs  a  and  B  above  results  only  in  a  de¬ 
crease  in  the  typhoon  warning  accuracy  and  the  resultant  serious 
meteorological  threat  to  the  security  of  U,  S,  and  allied  forces  in 
THE  Western  Pacific  area. 

The  data  obtained  by  eye- penetration  and  dropsonde  techniques 
are  "keys”  in  intensity  analyses  and  the  prediction  of  future  inten¬ 
sity  CHANGES  FOR  WARNING  PURPOSES,  SINCE  THE  EYES  OF  TYPHOONS  VARY 
FROM  A  FEW  Ml  TO  200  Ml  IN  DIAMETER,  IT  IS  EXTREMELY  IMPORTANT  THAT 
THE  ACTUAL  PRESSURE  CENTER  BE  PRECISELY  DETERMINED  AND  THAT  THE 
DROPSONDE  BE  RELEASED  AT  THIS  POSITION,  REPORTS  OF  THE  EYE  WIND 
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PATTERN  AND  THE  VJSUAL  VELOCITY  DISTRIBUTION  ALSO  SERVE  TO  CONFIRM  THE 
MEASURED  PARAMETERS  OF  TEMPERATURE  AND  PRESSURE.  FROM  A  SCIENTIFIC 
STANDPOINT,  THERE  IS  NO  SUBSTITUTE  FOR  A  COMPLETELY  METEOROLOGICALLY 
EQUIPPED  AIRCRAFT. 

It  CANNOT  BE  STRESSED  SUFFICIENTLY  THAT  COMPLETE  METEOROLOGICAL 
DATA  AND  INFORMATION  OBTAINED  BY  AERIAL  RECONNAISSANCE  TECHNIQUES  ARE 
MANDATORY  FOR  ACCURATE  AND  EFFICIENT  ANALYSES  AND  PREDICTIONS  RELATING 
TO  TROPICAL  AREAS,  DEPRESSIONS,  STORMS,  AND  TYPHOONS.  "FIXEs’'  bY 
THEATER  AIRCRAFT  SUPPLY  ONLY  AN  EXTREMELY  LIMITED  AND  UNACCEPTABLE 
PARTIAL  ANSWER  TO  A  HIGHLY  COMPLEX  PROBLEM.  LOCATION  IS  BUT  ONE  AS¬ 
PECT  OF  THIS  PROBLEM.  ANALYSES  OF  CYCLONE  CHARACTERISTICS  AND  INTEN¬ 
SITY,  AND  PREDICTIONS  OF  INTENSITY  CHANGES  AND  MOVEMENT  ARE  EQUALLY, 

IF  not  more,  IMPORTANT  to  OPERATIONAL  FORCES. 

The  CAPABILITIES  OF  THE  JOINT  TYPHOON  WARNING  SERVICE  IN  THE 

HESTPAC  area  suffered  during  the  1961  Typhoon  Season  as  the  direct 

RESULT  OF  DRASTICALLY  REDUCED  USAF  PARTICIPATION  IN  AERIAL  WEATHEr/ 
TYPHOON  reconnaissance,  PARTICULARLY  FROM  THE  STANDPOINT  OF  EARLY 
DETECTION  OF  POTENTIAL  OR  NASCENT  TROPICAL  STORMS  AND  TYPHOONS.  LOSS 
OF  THIS  RECONNAISSANCE  SUPPORT  RESULTED  IN  THE  GENERATION  OF  TWO  TRO¬ 
PICAL  STORMS,  lOA  AND  KATHY,  WITHOUT  KNOWLEDGE  AND  ADEQUATE  PRIOR 
WARNINGS  BEING  ISSUED  BY  JTWC.  IN  ADDITION,  THE  DETERIORATION  OF 
ANALYSIS  AND  FORECAST  CAPABILITY  DUE  TO  THE  PAUCITY  OF  RECONNAISSANCE 
CAUSED  A  DECREASE  IN  POSITIONAL  FORECAST  ACCURACY  OF  AS  MUCH  AS  30  Ml 
FOR  24  HOUR  PREDICTIONS  AND  120  Ml  FOR  THE  48  HOUR  OUTLOOKS. 

Vital  and  integral  parts  of  any  tropical  oceanic  analysis  are 

SYNOPTIC  AND  INVESTIGATIVE  FLIGHTS,  SYNOPTIC  RECONNAISSANCE  OVER  THE 
TROPICAL  OCEAN  AREAS  OF  MICRONESIA  MEASUREABLY  SUPPLEMENT  THE  SPARSE 
ISLAND  OBSERVING  STATIONS  TO  THE  SE  AND  SW  OF  OUAM.  THESE  FLIGHTS 
PRODUCE  SYNOPTIC  AND  OROPSONDE  DATA  ENABLING  A  BETTER  METEOROLOGICAL 
-ANALYSIS  OF  AN  AREA  1.5  TIMES  THAT  OF  THE  CONTINENTAL  UNITED  STATES. 

This  was  not  accomplished  during  the  1961  season  because  of  the  re¬ 
stricted  INVESTIGATIVE  AND  SYNOPTIC  RECONNAISSANCE,  THE  NORMAL 
CAPABILITY  OF  ADEQUATE  ANALYSIS  FROM  THE  STAGES  OF  CYCLONE  TO  DEPRES¬ 
SION  TO  STORM  WAS  COMPLETELY  LOST, 

Precision  navigation  is  obviously  mandatory  and  requires  little 
DISCUSSION.  Any  compromise,  in  this  regard,  lessens  the  quality  of 
the  observations  made  and  transmitted,  poses  a  serious  threat  to  the 

ACCURACY  OF  THE  WARNINGS  ISSUED,  AND,  CONSEQUENTLY,  IMPEDES  SOUND  DE¬ 
CISIONS  ON  THE  PART  OF  ALL  OPERATIONAL  CONSUMERS  IN  THE  HESTPAC  AREA, 

The  preceding  discussion  is  extracted  from  a  FHC/JTHC  Staff  Study 
WHICH  HAS  produced  THE  FOLLOWING  RESULTS: 

A,  The  54th  Weather  Reconnaissance  Squadron,  with  six 
MB-50  AIRCRAFT,  IS  BEING  REACTIVATED  AS  OF  18  APRIL  1962  AT  ANOERSEN 
AFB,  Guam,  in  lieu  of  Det  1  -  56th  Heather  Reconnaissance  Squadron, 
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B,  Airborne  Early  Warning  Squadron  One  has  authority  to 

EQUIP  ITS  WV-2  AIRCRAFT  WITH  OROPSONDE  CHAMBERS  AND  DOPPLER  TYPE 
NAVIGATION  EQUIPMENT  FOR  THE  1962  SEASON, 

The  WV-2  is  a  unique  weather  reconnaissance  aircraft  in  that  its 
APS-20E  AND  APS-45  radars  can  provide  accurate  data  showing  the  hori¬ 
zontal  structure  of  a  storm  area  up  to  250  mi  distance  from  the  air¬ 
craft.  Radar  is  employed  whenever  possible  on  all  weather  recon¬ 
naissance  missions  .PERFORMED  BY  AEWRON  ONE,  FIXES  BY  RADAR  ARE  USED 
EXTENSIVELY  DURING  HOURS  OF  DARKNESS  AND  AT  OTHER  TIMES  WHEN  CLOUD 
PRESENTATION  POSITIVELY  DEFINES  THE  CENTER. 

Airborne  radar  like  land  radar  furnishes  only  a  geographical 

POSITION  TO  LOCATE  THE  CENTER  OF  A  CYCLONE.  DURING  DAYLIGHT  HOURS, 
WHEN  IT  IS  CONSIDERED  OPERATIONALLY  SAFE  BY  THE  WV-2  PLANE  COMMANDER, 
OPTIONAL  PENETRATION  BY  THE  WV-2  AIRCRAFT  IS  ACCOMPLISHED  THROUGH  THE 
QUADRANT  WHICH  CIRCUMNAVIGATION  AND  RADAR  PRESENTATION  HAS  SHOWN  TO 
be  THE  WEAKEST. 

The  following  set  of  photographs  depict  the  second  of  two  pene¬ 
trations  OF  Typhoon  TILDA  performed  by  an  AEWRON  One  aircraft  on  29 
September  1961.  The  first  photograph  shows  the  aircraft,  represented 
by  the  dot  in  the  center  of  the  raoarscope,  approaching  the  wall 
CLOUD.  The  spiral  bands  near  the  aircraft  are  easily  recognized,  and 
THE  EYE  is  CLEARLY  DEFINED.  ThE  WALL  CLOUDS  NEAR  THE  AIRCRAFT  APPEAR 
TO  BE  LESS  INTENSE,  INDICATING  THAT  THE  AIRCRAFT  IS  PENETRATING 
THROUGH  THE  WEAKEST  QUADRANT,  PHOTO  NUMBER  TWO  SHOWS  THE  AIRCRAFT 
ENTERING  THE  WALL  CLOUD,  ENCOUNTERING  THE  ASSOCIATED  TURBULENCE  AND 
TORRENTIAL  RAIN.  FINALLY,  IN  PHOTO  NUMBER  THREE,  THE  AIRCRAFT  HAS 
ENTERED  THE  EYE  AND  IS  NOW  IN  AN  AREA  OF  RELATIVE  CALM,  THE  CLOCK 
INDICATES  THAT  ONLY  TWO  MINUTES  HAD  ELAPSED  DURING  THE  TRANSIT 
THROUGH  THE  WALL  CLOUD.  In  PHOTO  NUMBER  FOUR,  THE  AIRCRAFT  IS  AT 
THE  CENTER  OF  THE  EYE  OBTAINING  THE  DATA  WHICH  WILL  AID  IN  FORECAST¬ 
ING  THE  FUTURE  INTENSITY  OF  THE  TYPHOON,  PHOTOS  FIVE  AND  SIX  SHOW 
THE  AIRCRAFT  LEAVING  THE  EYE  BY  APPROXIMATELY  THE  SAME  ROUTE  IT 
FOLLOWED  IN  THE  PENETRATION. 

In  the  post  flight  summary,  the  typhoon  was  described  as  follows: 
“Eye  perfectly  circular  14  mi  in  diameter.  Extensive  wall  clouds 
ABOVE  40,000  FT,  6  Ml  THICK.  CONSIDERABLE  STRATAFORM  CLOUDS  IN  EYE. 
Unable  to  see  surface.  Max  surface  winds  100  kts  within  20  mi  of  eye. 
Temperature  rose  10°  C  on  penetration.  Light  to  moderate  turbulence 
AND  torrential  RAIN  ENCOUNTERED  IN  WALL  CLOUDS.” 

Aerial  weather  reconnaissance  efforts  of  1961  are  presented  in 

THE  FOLLOWING  THREE  STATISTICAL  SUMMARIES. 
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FIXES  MADE  IN  1961 


TO  30  JUN 

FOR  YEAR 

BONUS 

56TH 

79 

229 

2 

VW-1 

2 

119 

13 

VAP-61 

1 

315TH  AIR  DIVISION 

1 

OTHER  USAF 

6 

OTHER  USN 

4 

CIVILIAN 

2 

TOTAL  FIXES  MADE  AND  USED 

377 

FLYING 

HOURS  PER  TYPHOON 

TYPHOON 

56  MRS 

AEWROK  1 

TESS 

155 

6 

ALICE 

60 

5 

BETTY 

142 

N/R 

CORA 

36 

n/r 

ELSIE 

80 

27 

HELEN 

130 

51 

IDA 

50 

20 

JUNE 

112 

33 

KATHY 

39 

10 

LORNA 

80 

11 

NANCY 

121 

30 

OLGA 

h/r 

n/r 

PAMELA 

35 

31 

SALLY 

29 

22 

TILDA 

28 

.30 

VIOLET 

80 

74 

BILLIE 

10 

79 

CLARA 

0 

65 

DOT 

■’,49 

68 

ELLEN 

86 

82 

TOTAL 

1322 

644 

TOTAL  TROPICAL  CYCLONE  FLYING 

HOURS  2701* 

1947 

854 

n/r  -  Missions 

Not  Requested  by 

JTWC 

*  -  Includes 

PRECEDING 

TOTALS 

BUT  NOT  THE  56  MRS 

tropical  FI XI 

TRACKS  WHICH  WOULD  MORE  THAN  DOUBLE  THEIR  1947  HOURS  LOGGED 
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A  SERIES  OF  DROPSONDE  PATTERNS  WILL  BE  TESTED  IN  1962,  EACH  OF 
THElSE  PATTERNS  WILL  INCLUDE  THE  EYE  DROP  AND  WILL  LEAD  TO  A  STANDARD¬ 
IZED  PATTERN  THAT  WILL  AUGMENT  THE  ROUTINE  PERIPHERAL  DATA  AS  WELL  AS 
THAT  INFORMATION  AVAILABLE  FROM  WITHIN  THE  EYE, 

C.  LAND  RADAR 

As  Typhoon  JUNE  approached  Taiwan  on  6  August,  JTWC  accepted 

LAND  RADAR  FIXES  ON  AN  OPERATIONAL  BASIS,  AS  A  SURVEILANCE  AID,  WITH 
THE  FULL  KNOWLEDGE  OF  THEIR  INHERENT  LIMITATION  OF  PROVIDING  ONLY  A 
GEOGRAPHICAL  POSITION,  THIS  LINEAR  DIMENSION  HAS  RESTRICTED  OPERA¬ 
TIONAL  value;  THEREFORE,  JTWC  REQUIRES  A  COMBINATION  OF  BOTH  SYSTEMS, 
LAND  RADAR  AND  AERIAL  RECONNAISSANCE. 

Specifically,  JTWC  requires  one  daily  aerial  reconnaissance  pene¬ 
tration  WITH  DROPSONDE  IN  CONJUNCTION  WITH  CONTINUOUS  LAND  RADAR 
COVERAGE  WHEN  THE  MISSION  CAN  BE  CONDUCTED  SAFELY  AS  PERMITTED  BY 
TERRAIN  FEATURES,  THE  PRESSURE  CENTER  AND  METEOROLOGICAL  INTENSITY 
PARAMETERS,  THUS  PROVIDED,  COMPLIMENT  THE  RADAR  POSITION  WHICH  ALONE 
DOES  NOT  FURNISH  THE  NECESSARY  DATA  TO  SUPPORT  A  COMPLETE  FORECAST, 

For  THE  REMAINDER  OF  THE  SEASON,  A  TOTAL  OF  37  MISSIONS  WERE 
NOT  REQUIRED,  THUS  "SAVED"  AS  A  RESULT  OF  USING  THE  CRITERIA  OF  ONE 
FIX  PER  DAY  PLUS  ADEQUATE  LAND  RADAR  COVERAGE  RATHER  THAN  THE  NORMAL 
FOUR  FIX  A  DAY  REQUIREMENT  FOR  TYPHOONS  BY  RECONNAISSANCE  AIRCRAFT, 

D,  SATELLITES 

The  Tiros  series  provided  FWC/jTWC  with  random  nephanalyses  over 
THE  Western  North  Pacific,  Such  reports  have  identified  the  position 
OF  significant  vortices  during  the  period  that  JTWC  WAS  ISSUING  warn¬ 
ings  ON  THESE  SAME  VORTICES.  IN  1961,  TELEPHONE  LIAISON  WAS  MAIN¬ 
TAINED  BY  THE  Meteorological  Satellite  Laboratory  of  the  U,  S.  Weather 
Bureau  to  confirm  our  position  of  the  tropical  cyclone  at  the  Tiros 
observation  time  WHEN  JTWC  WAS  ISSUING  WARNINGS  ANd/or  TO  COORDINATE 
ON  Tiros  observations  of  distal  systems  which  may  have  been  new  or 
ADDITIONAL  TROPICAL  CYCLONES, 

The  RANDOM  TRACKS  OF  TiROS  DOES  NOT  PERMIT  ITS  USE  AS  A  ROUTINE 
TOOL  EXCEPT  TO  COLLATE  THE  INFORMATION  WHEN  AVAILABLE,  HiMBUS*  AN¬ 
TICIPATED  REGULARITY  WILL  ELIMINATE  TiROS*  IRREGULARITY  AND  IN  EFFECT 
EXTEND  THE  LAND  RADAR  FIX  COVERAGE.  THESE  SYSTEMS  ARE  LIMITED  TO  FIX 
COORDINATES  AND  NEPHANALYSIS  AND  DOES  NOT  POSSESS  THE  VITAL  COLLECTION 
CAPABILITIES  FOR  THE  INTENSIFICATION  PARAMETERS  THAT  ARE  AVAILABLE 
FROM  METEOROLOGICALLY  EQUIPPED  RECONNAISSANCE  AIRCRAFT, 

A  CONTRIBUTION  TO  RESEARCH  IS  POSSIBLE,  SHOULD  THE  TIMING  BE  IN 
PHASE  FOR  AN  ACTUAL  FORMATION  PERIOD,  IN  THAT  THE  NEPHANALYSIS  WOULD 
ADD  MEASURABLY  TO  THIS  UNKNOWN  SEQUENCE  OF  EVENTS.  FURTHER  IN  THE 
EXCHANGE  OF  INFORMATION,  FWC/jTWC  IS  SENDING  A  DAILY  MESSAGE  COVERING 
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THE  ANALYZED  POSITIONS  OF  EASTERLY  WAVES  AND  InTERTROPICAL  ZONE  OF 
Convergence  in  WESTPAC. 
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FIG.  5 


FIG.  6 
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CHAPTER  It  I 


SUMMARY  OF  TROPICAL  CYCLONES 
OF  1961 
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A.  GENERAL 

Sixty  nine  (69)  tropical  disturbances  were  analy2Eo  and  inves¬ 
tigated  AS  POTENTIAL  CYCLONES  DURING  THE  CALENDAR  YEAR  1961  IN  THE 
North  Pacific  Ocean  area  W  of  180  degrees.  Of  this  number,  11  had 
WARNINGS  ISSUED  AS  TROPICAL  DEPRESSIONS,  AN  ADDITIONAL  11  REACHED 
TROPICAL  STORM  WARNING  STAGE,  AND  ANOTHER  20  ACHIEVED  TYPHOON  WARN¬ 
ING  STATUS,  Warnings  were  issued  on  42  tropical  cyclones. 


The  FOLLOWING  DATA  IS  PROVIDED  CONCERNING  THE  1961  SEASON  AND 
THE  TWO  PREVIOUS  YEARS  FOR  COMPARISON  PURPOSES! 


1959 

1960 

1961 

Total  Cyclones 

65 

56 

69 

A, 

Suspect  areas 

32 

26 

27 

B. 

Tropical  Depressions 

7 

3 

11 

C. 

Tropical  Storms 

9 

8 

11 

D. 

Typhoons 

17 

19 

20 

E, 

Total  number  of  warnings 

583 

776 

737 

F, 

Calendar  days  of  warnings 

137 

157 

165 

The 

11  TROPICAL  STORMS  WERE  RITA, 

SUSAN, 

VIOLA,  WINNIE, 

DORIS, 

FLOSSIE,  GRACE,  MARIE,  RUBY,  WILOA,  and  ANITA, 

The  20  typhoons  in  order  of  occurrence  were  TESS,  ALICE,  BETTY, 
CORA,  ELSIE,  HELEN,  lOA,  JUNE,  KATHY,  LORNA,  NANCY,  OLGA,  PAMELA, 

SALLY,  TILDA,  VIOLET,  BILLIE,  CLARA,  DOT,  and  ELLEN,  For  comparison 

PURPOSES,  THE  CHART  ON  THE  FOLLOWING  PAGE  PROVIDES  INFORMATION  CON¬ 
CERNING  ANNUAL  TOTALS  AND  THE  MONTHLY  FREQUENCY  FOR  1952  THROUGH  1961, 

The  seasonal  distribution  of  typhoons  conforms  to  climatology 

FAIRLY  WELL,  EXCEPT  THAT  THE  TOTAL  FOR  THE  YEAR  EXCEEDED  THE  AVERAGE 
BY  ABOUT  TWO.  THE  AVERAGE  TYPHOON  FOR  1961  HAD  A  LIFE  OF  5  DAYS,  17 
HOURS  and  traveled  1497  Ml  AT  AN  AVERAGE  SPEED  OF  1 1  KTS  FROM  FIRST 
TO  LAST  WARNING,  ThE  I960  TYPHOONS  TRAVELED  AT  ABOUT  THE  SAME  SPEED, 
LASTED  TWO  DAYS  LONGER  AND  TRAVELED  AN  AVERAGE  DISTANCE  OF  1930  Ml, 
NANCY,  A  September  typhoon,  holds  the  1961  records  for  longest  life, 

9  days,  18  HouRSi  distance,  4266  mi;  average  speed,  18,2  kts;  fastest, 
55  KTS  BETWEEN  161200Z  AND  170000Z;  AND  MOST  INTENSE,  185  KTS  BETWEEN 
ni200Z  AND  120600Z. 

B,  AREAS  OF  FORMATION  AND  DEVELOPMENT 

A  CHART  IS  PROVIDED  SHOWING  THE  POINTS  OF  ORIGIN  OF  ALL . TYPHOONS, 

1952  THROUGH  1961,  The  data  is  based  on  annual  reports  for  each  year, 

AND  OTHER  DATA  SOURCES  MAY  VARY  SLIGHTLY,  AN  ADDITIONAL  CHART,  DES¬ 
CRIBING  POINTS  OF, FIRST  TYPHOON  INTENSITY,  FOR  THE  SAME  PERIOD  IS  IN¬ 
CLUDED,  Each  triangle  is  numbered  to  indicate  a  typhoon  as  follows: 
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JUL  AUG  SEP  OCT  MOV  DEC  TOT 

1  3  3  5  3  3  21 

1  5  2  4  1  1  17 

1  4  4  2  3  15 

5  3  3  21  1  19 

2  4  5  1  3  1  18 

1  2  5  3  3  18 

5  3  3  3  1  1  20 

1  5  3  3  2  2  17 

2  8  4  1  1  19 

3  3  5  3  1 _ 1 _ 

2.2  4.0  3.1  3,0  1.9  1.1  18.4 


0161  WOULD  BE  THE  FIRST  TYPHOON  OF  1961,  1352  IS  THE  THIRTEENTH  TYPHOON 
OF  1952,  ETC. 

The  cyclones  intensified  to  typhoon  strength  in  the  South  China 
Sea,  ALICE,  CORA,  and  OLGA,  one  of  which,  CORA,  originated  there. 

The  remaining  circulations  developed  and  intensified  S  of  25K,  As 

USUAL,  MANY  OF  THE  CYCLONES  COMMENCED  INTENSIFYING  NEAR  GUAM  (7  WITH¬ 
IN  500  Ml)  BUT  CREATED  HAVOC  IN  OTHER  PARTS  OF  THE  WORLD,  THE  TWO 
THAT  WERE  A  POTENTIAL  HAZARD  TO  GUAM  WERE  NANCY  AND  VIOLET,  THE  TWO 
MOST  INTENSE  CYCLONES  OF  THE  SEASON.  TYPHOON  CLARA  BECAME  A  TYPHOON 

NEAR  Wake  Island  and  can  be  considered  the  only  cyclone  to  develop 

IN  AN  UNUSUAL  POSITION  FOR  THE  SEASON, 

C.  SIZE  AND  INTENSITY 

Typhoons  varied  in  size  from  the  small  such  as  CORA,  OLGA,  KATHY 
and  IDA  to  the  giant,  BILLIE.  There  were  no  "midget”  typhoons  de¬ 
tected  DURING  THE  YEAR,  BUT  SEVERAL  WERE  SMALL  ENOUGH  TO  HAVE  ES¬ 
CAPED  DETECTION  HAD  THEY  NOT  DRIFTED  INTO  SHIPPING  OR  AIR  LANES, 

KATHY  WAS  DIFFICULT  TO  FIND  ON  THE  SYNOPTIC  CHART,  AND  POSED  SOME 
PROBLEMS  TO  RECONNAISSANCE  AIRCRAFT  SEARCHING  FOR  IT,  TYPHOON  BILLIE 
VAS  SO  LARGE  THAT  IT  CREATED  SEVERE  WEATHER  CONDITIONS  FROM  GUAM  TO 

Japan,  Taiwan,  the  Philippines  and  back  to  Guam  via  the  equator.  The 
EYE  WAS  120  BY  180  Ml,  AND  THE  OUTER  RADIUS  OF  30  KT  WINDS  WAS  ABOUT 
750  Ml,  The  circulation  was  similar  to  that  of  CARMEN  of  1960  in 

BEHAVIOR  AND  APPEARANCE.  ALTHOUGH  CLASSIFIED  AS  A  TYPHOON  BECAUSE  OF 
THE  SURFACE  WIND  SPEED,  IT  IS  DOUBTFUL  THAT  IT  WOULD  QUALIFY  THERMO¬ 
DYNAMICALLY  FOR  IT  LACKED  THE  CLASSICAL  WALL  CLOUD  AND  OTHER  FEATURES 
COMMONLY  ASSOCIATED  WITH  TYPHOONS.  TYPHOONS  VIOLET  AND  NANCY  HAD  MINI¬ 
MUM  SEA  LEVEL  PRESSURES  OF  882  MB  REPORTED  BY  AIRCRAFT  RECONNAISSANCE, 
DROPSONDE  equipment  PROVIDED  THIS  INFORMATION  IN  EACH  CASE,  ThE  MAXI¬ 
MUM  SURFACE  WIND  SPEED  FROM  THE  BEST  TRACK  FOR  NANCY  WAS  185  KTS  AND 
ONLY  5  KTS  LESS  FOR  VIOLET.  TYPHOON  OLGA  HAD  THE  SHORTEST  LIFE,  2 
DAYS  6  HOURS,  AND  TRAVELED  ABOUT  325  Ml. 

D,  MOVEMENT 

The  seasonal  tracks  for  1961  and  1950  compare  favorably  in  many 
RESPECTS,  EXCEPT  THAT  THERE  WERE  ONLY  13  TYPHOONS  IN  1950, 

The  1961  composite  typhoon  track  chart  reveals  that  9  typhoons 
DID  NOT  RECURVE,  3  LOOPED,  AND  THE  TRACKS  OF  2  OF  THESE,  CLARA  AND 
VIOLET,  CAN  BE  CONSIDERED  UNUSUAL,  CLARA  LOOPED  IN  A  CLOCKWISE  MANNER, 
AND  VIOLET  MOVED  SW  FOR  300  Ml  BEFORE  TURNING  TO  THE  NW  TO  COMMENCE  BE¬ 
HAVING  IN  A  RESPECTABLE  MANNER,  ThE  FAILURE  OF  A  LARGE  NUMBER  OF 
TYPHOONS  TO  RECURVE  SUGGESTS  THAT  SOME  PARTICULAR  CIRCULATION  FEATURE 
EXISTED  OR  CONTINUALLY  RECURRED,  1n  SEVERAL  CASES  THE  ANTICYCLONE 
AROUND  WHICH  THE  TYPHOON  WAS  APPARENTLY  TRAVELING  EXTENDED  OVER  THE 

Asiatic  mainland,  causing  the  typhoon  to  strike  land  before  recurvature 

COULD  take  PLACE.  AN  ANTICYCLONE  MOVED  WESTWARD  DURING  THE  LIFE  OF 
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KATHY  AND  lOA  CAUSING  A  CONTINUED  WESTWARD  MOVEMENT  UNTIL  THE  TYPHOONS 
STRUCK  LAND*  IDA  AND  HELEK^  KNOWN  AS  THE  "tWINS"  DEVELOPED  A  FUJI- 
WHARA  EFFECT,  AND  IDA  EVENTUALLY  MOVED  ACROSS  THE  NORTHERN  PERIPHERY 
OF  THE  CIRCULATION  OF  HELEN. 

No  FULL  FLEDGED  TYPHOONS  TRAVELED  ACROSS  THE  PHILIPPINES  DURING 
THE  1961  SEASON,  SiX  TYPHOONS  CROSSED  OR  STRUCK  LAND  ON  TAIWAN,  AND 
ONLY  5  TYPHOONS  TRAVELED  OVER  JAPANESE  MAINLAND,  IF  HELEN  IS  CONSI¬ 
DERED. 
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TROPICAL  DEPRESSIONS  1961 
POSITION  DATA 

TROPICAL  DEPRESSION  SEVEN 
25  MAY-28  MAY 


DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

2500002 

15. 8N 

114. 8E 

2700002 

16.0N 

113.8E 

250600Z 

15. 6N 

114. 9E 

2706002 

16. 3N 

113.7E 

251 2002 

15.2N 

114.8E 

2712002 

16. 5N 

113. 5E 

2518002 

15. IN 

114. 7E 

2718002 

16. 9N 

113.7E 

2600002 

14. 9N 

114. 4E 

2800002 

17, 3N 

113.9E 

2606002 

15  .2N 

114. 2E 

2806002 

17. 7N 

114.3E 

2612002 

15.4N 

114. OE 

2812002 

18. 4N 

114. 2E 

2618002 

15.6N 

113. 9E 

TROPICAL 

DEPRESSION  EIGHT 

02 

JUN-06 

JUN 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

0206002 

13. 5N 

133.8E 

0406002 

18. 6H 

125.8E 

0212002 

14. 2N 

132. 4E 

0412002 

19.6N 

125.3E 

021 8002 

14. 5N 

130.9E 

0418002 

20.5N 

124,9E 

0300002 

15.4N 

129. 4E 

0500002 

20. 8H 

124.3E 

0306002 

16. 5N 

128. 8E 

0506002 

21  .ON 

123.5E 

0312002 

17.5N 

128. 3E 

0512002 

21 .6H 

123. 2E 

031 8002 

18. ON 

127. 9E 

051 8002 

22. 3N 

123.0E 

0400002 

18. 2N 

126. 9E 

0600002 

23.0N 

123.0E 

TROPICAL  DEPRESSION  NINE 

06 

JUH-07 

JUN 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

0612002 

18. 3N 

111.8E 

0700002 

19. 3N 

108. 7E 

0618002 

18. 9N 

110. 3E 

0706002 

20.  ON 

107. 9E 

TROPICAL  DEPRESSION  ONE  TWO 

24  JUN 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

2400002 

19. ON 

127. 9E 

2412002 

18. 8N 

128. 6E 

2406002 

18. 9N 

128. 3E 

241 8002 

18. 7N 

128.9E 

TROPICAL  DEPRESSION  ONE  THREE 

26 

JUN-27 

JUN 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

2600002 

28.0N 

133.2E 

2700002 

30. 5N 

132.3E 

2606002 

28. 5N 

132. 6E 

2706002 

31  .ON 

132.7E 

2612002 

29.1  N 

132. 2E 

2712002 

31 .4N 

133. 2E 

2618002 

29. 8N 

132. 2E 

271 8002 

31 .7H 

133.8E 
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TROPICAL  DEPRESS  I  OR  ONE  NINE 
07  AUG-11  AUG 


DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

071 8002 

14. 3N 

133.8E 

090600Z 

17. IN 

125.8E 

080000Z 

14. 9N 

132.6E 

090600Z  TO 

1012002 

NO  WARNINGS 

080600Z 

15.3N 

131 .3E 

ISSUED 

081200Z 

15.4N 

129.8E 

101200Z 

22.6N 

121.9E 

081 800Z 

15. 7N 

128.4E 

101800Z 

24. 6N 

120.5E 

090000Z 

16. 3N 

127.1 E 

110000Z-110600Z  DISSIPATED 

TROPICAL  DEPRESSION 

TWO  ZERO 

14  AUG-16  AUG 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

1406002 

17.6N 

141. IE 

150600Z 

19. 7H 

140. 3E 

141200Z 

18. 2N 

140. BE 

151200Z 

20.  IN 

140.0E 

141800Z 

18. 8N 

140.7E 

1 51 800Z 

20.4N 

139. 7E 

150000Z 

19.2N 

140.5E 

160000Z-160600Z  DISSIPATED 

TROPICAL  DEPRESSION 

TWO  THREE 

24  AUG-29  AUG 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

241200Z 

15.5N 

151 .2E 

270000Z 

18. 3N 

140.1E 

241800Z 

15.2N 

150.6E 

270600Z 

19.6N 

139.3E 

250000Z 

14. 9N 

149.9E 

2712002 

21  .ON 

138. 9E 

250600Z 

14. 8N 

149.2E 

2718002 

22.5N 

138, 8E 

251200Z 

15.7N 

148. 2E 

2800002 

24. ON 

138, 9E 

251 800Z 

16. 8N 

147.0E 

2806002 

25.2N 

139.3E 

260000Z 

17, ON 

145.6E- 

2812002 

25.9N 

139.8E 

260600Z 

16. 7N 

144. IE 

281 8002 

26. 6N 

140.2E 

261200Z 

16. 9N 

142.7E 

2900002 

27.  ON 

140. 9E 

261800Z 

17. 4N 

141. 3E 

2906002 

DISSIPATED 

TROPICAL  DEPRESSION 

THREE  TWO 

20  OCT-23 

OCT 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

200600Z 

08. 8N 

147. 5E 

21 1 8002 

08.4N 

142. 9E 

201200Z 

08. 7N 

146. 8E 

2200002 

08. 3H 

142.4E 

201 800Z 

08. 5N 

145.9E 

2206002 

08.  IN 

141 ,9E 

210000Z 

08. 5N 

145.2E 

2212002 

07. 8N 

141. 5E 

210600Z 

08. 6N 

144. 4E 

221 8002 

07. 6N 

141. 3E 

211200Z 

08. 5N 

143. 6E 

2300002-2306002  DISSIPATED 
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TROPICAL  DEPRESSION  THREE  FOUR 
31  OCT-01  NOV 


DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

310600Z 

16. 2N 

150.4E 

010000Z 

18. 5N 

148.4E 

311200Z 

16.8N 

149.7E 

010600Z 

19.3N 

148.2E 

311800Z 

17. 6N 

148. 9E 

TROPICAL  DEPRESSION  THREE  SIX 

06  NOV 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

060600Z 

16. 3N 

152.8E 

061200Z 

17;iN 

152.4E 
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TROPICAL  STORMS  1961 
POSIT  I  OK  DATA 


TROPICAL  STORM  RITA 
14  JAN>20  JAN 


DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

1412002 

08. 3N 

134. 7E 

171200Z 

12.3H 

134. 6E 

141800Z 

08. 8N 

133.4E 

171800Z 

12. 6N 

135.3E 

150000Z 

09.1  N 

132. 5E 

180000Z 

12. 8H 

136. IE 

150600Z 

09. 3N 

132. 2E 

1 80600Z 

12. 9N 

137. OE 

151200Z 

09. 5N 

132. OE 

181200Z 

13.0N 

137. 9E 

151800Z 

09. 9N 

131. 8E 

181800Z 

■  13.1N 

138. 8E 

160000Z 

10. IN 

131. 8E 

190000Z 

13.1M 

139.7E 

160600Z 

10.5N 

131. 9E 

190600Z 

13.2N 

140.5E 

161200Z 

10.9N 

132.2E 

191200Z 

13.4H 

141 .4E 

161800Z 

11. 3N 

132. 7E 

191800Z 

13.8N 

142. IE 

170000Z 

11. 7N 

133. 3E 

200000Z 

14. 3N 

142. 9E 

170600Z 

12. IN 

133.9E 

200600Z 

14. 9N 

143. 4E 

TROPICAL  STORM 

SUSAN 

27  FEB-01 

MAR 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

2706002 

07. 3N 

131 .2E 

281200Z 

09.0N 

130. 3E 

271200Z 

07. 6H 

131 .OE 

281800Z 

09. 5N 

130. 3E 

271800Z 

07. 9N 

130. 8E 

010000Z 

09. 8N 

130.2E 

280000Z 

08. 3N 

130.6E 

010600Z 

10.2N 

130.2E 

280600Z 

08. 7N 

130. 5E 

011200Z 

10.6H 

130. IE 

TROPICAL  STORM 

VIOLA 

09  APR-10  APR 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

091 800Z 

09. 3N 

109.6E 

100600Z 

09. 9N 

107. 5E 

100000Z 

09. 7N 

108. 3E 

101200Z 

09. 9N 

106. 8E 

TROPICAL  STORM  WINNIE 

06  MAY-09 

MAY 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

061800Z 

13.8N 

93*7E 

080600Z 

18. ON 

90.  OE 

070000Z 

14. IN 

93. IE 

081200Z 

19. IN 

89. 5E 

070600Z 

14. 5N 

92.3E 

081800Z 

20.3N 

89.4E 

071200Z 

15.1N 

91 .7E 

090000Z, 

21. 5N 

89. 5E 

071800Z 

16. ON 

91. IE 

090600Z 

22. 5N 

90.  OE 

080000Z 

16. 9N 

90. 5E 

091200Z 

23. 5N 

90. 8E 
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TROPICAL  STORM  DORIS 
23  JUM-02  JUL 


DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

230600Z 

14. ON 

137. 6E 

261200Z 

23.1  N 

132. IE 

231200Z 

15.2N 

137. 2E 

261200Z  TO 

300000Z  NO 

WARNINGS 

231800Z 

16.4N 

136. 6E 

ISSUED 

240000Z 

17.6N 

136. OE, 

300000Z 

21. 7N 

125.1E 

240600Z 

18. 6N 

135.2E 

300600Z 

21 .6N 

124.4E 

241200Z 

19. 5N 

134.4E 

X1200Z 

21. 7N 

123.5E 

24T800Z 

20. IN 

133.4E 

301800Z 

21 .6N 

122. 3E 

250000Z 

20. 2  N 

132. 2E 

OlOOOOZ 

21 .4N 

120. 8E 

250600Z 

20. ON 

131. 3E 

010600Z 

21 .9N 

118. OE 

251200Z 

20,0N 

130. 6E 

011200Z 

22. 3N 

117. 3E 

251 800Z 

20.4N 

130. 3E 

011800Z 

22. 6N 

116. 7E 

260000Z 

21. 3N 

130. 7E 

020000Z 

23.2R 

116. OE 

260600Z 

22. 3N 

131.5E 

020600Z 

23. 5N 

114. 6E 

TROPICAL  STORM 

FLOSSIE 

16  JUL-19 

JUL 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

160000Z 

17. 9N 

129. OE 

1 80000Z 

18.2N 

120.0E 

160600Z 

1,7. 6N 

127. 8E 

1 80600Z 

19.0N 

119.4E 

161200Z 

17. 3N 

126.4E 

181200Z 

19.5N 

118. 5E 

161800Z 

16. 8N 

125.1E 

181800Z 

20. 3N 

117.6E 

170000Z 

16.4N 

123.9E 

190000Z 

21. IN 

116. 8E 

170600Z 

16. ON 

122.8E 

190600Z 

21. 8M 

115.5E 

171200Z 

15. 8N 

121. 5E 

191200Z 

22. 5H 

114. 2E 

171800Z 

16. 6N 

120.5E 

191800Z 

23.4N 

112. 9E 

TROPICAL  STORM 

GRACE 

21  JUL-25 

JUL 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

210000Z 

27. 3N 

127. 9E 

230600Z 

28. 6N 

128. 3E 

210600Z 

27. 4  N 

127. 6E 

231200Z 

29.  ON 

128. TE 

211200Z 

27. 6N 

127. 2E 

231800Z 

29. 6N 

127.8E 

21 1 800Z 

27. 5N 

126. 7E 

240000Z 

30. 2N 

127.4E 

220000Z 

27. 2N 

126. 9E 

240600Z 

30. 8N 

126. 9E 

220600Z 

27. IN 

127. 6E 

241200Z 

31. 8N 

126. 5E 

221200Z 

27. 2N 

128. 2E 

241800Z 

32. 9N 

126. 3E 

221800Z 

27. 6N 

128. 5E 

250000Z 

34.2N 

126. 9E 

230000Z 

28. IN 

128. 5E 

250600Z 

35. 8N 

128. 6E 
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TROPICAL  STORM  MARIE 
29  AUG-03  SEP 


DTG 

LAT 

LONG 

OTG 

LAT 

LONG 

291800Z 

23. 8N 

153.0E 

010600Z 

26. 5N 

144. 6E 

300000Z 

24. 9N 

153.2E 

011200Z 

26.4N 

143. 8E 

300600Z 

26. IN 

153. IE 

01 1 800Z 

26. 3N 

142. 8E 

301200Z 

26. 9N 

152. 4E 

020000 Z 

26.4N 

142. IE 

301800Z 

27. 3N 

151. IE 

020600Z 

26. 5N 

141 .3E 

310000Z 

27. 3N 

149. 5E 

021200Z 

26. 8N 

140. IE 

310600Z 

27. 2N 

148. 3E 

021 800Z 

27. 2N 

138. 6E 

3^^2002 

27.  IN 

147. 3E 

030000Z 

27. 7N 

137.2E 

31 1 800Z 

26. 9N 

146. 4E 

030600Z 

28. 4  N 

135.8E 

010000Z 

26. 8N 

145. 5E 

TROPICAL  STORM 

RUBY 

21 

SEP-24 

SEP 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

210600Z 

13. 6N 

126. 7E 

230000Z 

15. 5N 

114. 3E 

211200Z 

14. ON 

125.2E 

230600Z 

15. 6N 

112.9E 

211800Z 

14. 3N 

123.7E 

231200Z 

15.8N 

ni.4E 

220000Z 

14. 5N 

122. 2E 

231800Z 

16. 2N 

109. 8E 

220600Z 

15.0N 

119. 6E 

240000Z 

16. 5N 

108. 6E 

221200Z 

15.5N 

117. 6E 

240600Z 

16. 9N 

107. 3E 

221 800Z 

15. 5N 

115. 8E 

241200Z 

17.4N 

106.0E 

TROPICAL  STORM 

WILOA 

11 

OCT- 13 

OCT 

OTG 

LAT 

LONG 

DTG 

LAT 

LONG 

110600Z 

13. 2H 

116. 4E 

121200Z 

13. 5N 

111.5E 

1 1 1 200Z 

13. 4N 

115.9E 

121800Z 

13.8N 

110.2E 

1 1 1 800Z 

13.8N 

115.4E 

130000Z 

14. 3N 

109. IE 

120000Z 

14. ON 

114. 4E 

130600Z 

13. 9N 

107. 6E 

120600Z 

13.5N 

112. 8E 

TROPICAL  STORM 

ANITA 

19 

OCT-20 

OCT 

DTG 

LAT 

LONG 

DTG 

LAT 

LONG 

190000Z 

14. 5N 

113. OE 

1 91 800Z 

15. 7N 

108. 3E 

190600Z 

14. 8N 

111.2E 

200000Z 

15,8N 

106. 7E 

191200Z 

15. 3N 

109. 5E 
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1961  TYPHOON  TRACKS 


03 

U> 


TYPHOON 

TESS 

24 

MAR 

- 

31 

MAR 

TYPHOON 

ALICE 

17 

MAY 

21 

MAY 

TYPHOON 

BETTY 

22 

MAY 

• 

28 

MAY 

TYPHOON 

CORA 

22 

JUN 

- 

25 

JUN 

TYPHOON 

ELSIE 

12 

JUL 

15 

JUL 

TYPHOON 

HELEN 

27 

JUL 

- 

03 

AUG 

TYPHOON 

IDA 

28 

JUL 

• 

31 

JUL 

TYPHOON 

June 

01 

AUG 

- 

08 

AUG 

TYPHOON 

KATHY 

15 

AUG 

* 

18 

AUG 

TYPHOON 

LORNA 

20 

AUG 

26 

AUG 

TYPHOON 

NANCY 

07 

SEP 

-* 

17 

SEP 

TYPHOON 

OLGA 

08 

SEP 

- 

10 

SEP 

TYPHOON 

PAMELA 

08 

SEP 

12 

SEP 

TYPHOON 

SALLY 

21 

SEP 

• 

29  SEP 

TYPHOON 

TILDA 

27 

SEP 

- 

05 

OCT 

TYPHOON 

VIOLET 

04 

OCT 

- 

10 

OCT 

TYPHOON 

BILLIE 

23 

OCT 

28 

OCT 

TYPHOON 

CLARA 

26 

OCT 

■* 

01 

NOV 

TYPHOON 

DOT 

09 

NOV 

• 

15 

NOV 

TYPHOON 

ELLEN 

05 

DEC 

■ft 

13 

DEC 

0 


^ ^ 


TROPICAL  CYCLONES  OF  1961 


CYCLONE 

♦PERIOD 

01.  Tropical  Storm  RITA 

12 

Jan 

20 

Jan 

02.  Investigation 

19 

Jan 

• 

20 

Jan 

03.  Investigation 

01 

Feb 

•• 

02 

Feb 

04.  Tropical  Storm  SUSAN 

27 

Feb 

• 

01 

Mar 

05.  Typhoon  TESS 

22 

Mar 

- 

31 

Mar 

06.  Tropical  Storm  VIOLA 

09 

Apr 

10 

Apr 

07.  Investigation 

04 

May 

05 

May 

08.  Investigation 

05 

May 

06 

May 

09.  Tropical  Storm  WINNIE 

06 

May 

09 

May 

10.  Typhoon  ALICE 

1.6 

May 

- 

21 

May 

11.  Typhoon  BETTY 

21 

May 

28 

May 

12.  Tropical  Depression  7 

25 

May 

«p 

28 

May 

13.  InVESTI GATI ON 

30 

May 

* 

31 

May 

14.  Tropical  Depression  8 

31 

May 

- 

06 

JUN 

15.  Investigation 

03 

JUN 

- 

05 

JUN 

16.  Tropical  Depression  9 

06 

JUN 

m 

07 

JUN 

17.  Investigation 

17 

JUN 

m 

18 

JUN 

18.  Investigation 

19 

JUN 

22 

JUN 

19.  Tropical  Storm  DORIS 

20 

JUN 

m. 

02 

JUL 

20,  Typhoon  CORA 

22 

JUN 

- 

25 

JUN 

21,  Tropical  Depression  12 

24 

JUN 

25 

JUN 

22.  Tropical  Depression  13 

25 

JUN 

- 

27 

JUN 

23.  Investigation 

26 

JUN 

• 

29 

JUN 

24.  Investigation 

02 

JUL 

-* 

06 

JUL 

25.  Investigation 

04 

JUL 

- 

08 

JUL 

26.  Typhoon  ELSIE 

07 

JUL 

15 

JUL 

27.  Investigation 

11 

JUL 

12 

JUL 

28.  Tropical  Storm  FLOSSIE 

13 

JUL 

19 

JUL 

29,  Investigation 

18 

JUL 

.. 

22 

JUL 

30.  Tropical  Storm  GRACE 

20 

JUL 

- 

25 

JUL 

31.  Typhoon  HElfN 

26 

JUL 

03 

Aug 

32.  Typhoon  IDA 

28 

JUL 

•• 

31 

JUL 

33.  Typhoon  JUNE 

31 

JUL 

08 

Aug 

34.  Tropical  Depression  19 

01 

Aug 

11 

Aug 

35.  Investigation 

10 

Aug 

- 

11 

Aug 

36.  Investigation 

11 

Aug 

13  Aug 

37.  Investigation 

12 

Aug 

16 

Aug 

38.  Tropical  Depression  20 

14 

Aug 

16 

Aug 

39.  Typhoon  KATHY 

15 

Aug 

• 

18 

Aug 

40,  Investigation 

16 

Aug 

m 

17 

Aug 
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TROPICAL  CYCLONES  OF  t961  (CONT*D) 

CYCLONE  ^PERIOD 


41.  Investigation 

18 

Aug 

* 

20 

Aug 

42,  Typhoon  LORNA 

19 

Aug 

26 

Aug 

43.  Investigation 

20 

Aug 

- 

22 

Aug 

44,  Investigation 

23 

Aug 

- 

24 

Aug 

45.  Tropical  Depression  23 

24 

Aug 

- 

29 

Aug 

46.  Investigation 

27 

Aug 

29 

Aug 

47.  Investigation 

27 

Aug 

28 

Aug 

48,  Investigation 

28 

Aug 

.. 

29 

Aug 

49.  Tropical  Storm  MARIE 

29 

Aug 

• 

03 

Sep 

50,  Typhoon  PAMELA 

02 

Sep 

- 

12 

Sep 

51 .  Typhoon  OLGA 

03 

Sep 

10 

Sep 

52.  Typhoon  NANCY 

07 

Sep 

i. 

17 

Sep 

53,  Tropical  Storm  RUBY 

17 

Sep 

24 

Sep 

54.  Typhoon  SALLY 

20 

Sep 

• 

29 

Sep 

55.  Typhoon  TILDA 

27 

Sep 

- 

05 

Oct 

56.  Typhoon  VIOLET 

03 

Oct 

10 

Oct 

57.  Investigation 

09 

Oct 

- 

10 

Oct 

58.  Tropical  Storm  WILDA 

10 

Oct 

«• 

13 

Oct 

59,  Investigation 

12 

Oct 

13 

Oct 

60.  Tropical  Storm  ANITA 

19 

Oct 

- 

20 

Oct 

61.  Tropical  Depression  32 

19 

Oct 

23 

Oct 

62.  Typhoon  BILLIE 

22 

Oct 

28 

Oct 

63,  Typhoon  CLARA 

26 

Oct 

• 

01 

Nov 

64,  Tropical  Depression  34 

30 

Oct 

• 

01 

Nov 

65,  Tropical  Depression  36 

04 

Nov 

- 

06 

Nov 

66.  Typhoon  DOT 

08 

Nov 

15 

Nov 

67.  Investigation 

15 

Nov 

• 

16 

Nov 

68.  Investigation 

24 

Nov 

25 

Nov 

69,  Typhoon  ELLEN 

04 

Dec 

13 

Dec 

*  The  period  shown  covers  the  period  from  the  date'  the  cyclone  was 

FIRST  ASSIGNED  A  CYCLONE  NUMBER,  UNTIL  THE  FINAL  WARNING  WAS  ISSUED, 
OR  IF  NO  WARNINGS  WERE  ISSUED,  THE  DATE  THE  CYCLONE  DISSIPATED, 
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1961  TYPHOON  DATA  SUMMARY 


FROM  RECON _ FROM  WARNINGS 


TYPHOON 

MAX 

OBSVD 

SFC  WND 

MIN 

SLP 

(MBS) 

MIN 

700MB 

HGT 

MAX 

700MB 

TEMP(C) 

MAX 

RADIUS 
100KT  WND 

MAX 

RADIUS 

50KT  WND 

MAX 

RADIUS 
30KT  WND 

TESS 

125 

937 

8420 

21 

40 

125 

250 

ALICE 

65 

985 

9730 

14 

— 

100 

200 

BETTY 

100 

946 

8610 

21 

30 

CORA 

80 

987 

9800 

15 

125 

250 

ELSIE 

100 

974 

9420 

16 

175 

250 

HELEN 

100 

971 

9370 

19 

100 

200 

IDA 

95 

990 

9560 

18 

150 

250 

JUliE 

110 

961 

9120 

17 

150 

200 

KATHY 

110 

980 

9890 

20 

— 

25 

150 

LORNA 

150 

947 

8880 

22 

50 

175 

450 

NANCY 

200 

882 

6801 

21 

100 

250 

450 

OLGA 

«• 

75 

200 

PAMELA 

170 

914 

7440 

18 

50 

125 

250 

SALLY 

60 

983 

.... 

— 

— 

100 

300 

TILDA 

120 

917 

7980 

19 

50 

150 

400 

VIOLET 

190 

882 

7130 

29 

60 

175 

350 

BILLIE 

65 

961 

9290 

17 

— 

250 

750 

CLARA 

75 

984 

10290 

— 

, 

75 

150 

DOT 

150 

922 

7960 

21 

50 

100 

300 

ELLEN 

175 

945 

8520 

23 

30 

100 

1000 

1961  TYPHOON  FORECAST  ERRORS 
(IN  Mi) 


TYPHOON 

24  HR  FORECASTS 

NO.  OF  MEAN 

CASES  ERROR 

48  HR 
NO.  OF 
CASES 

FORECASTS 

MEAN 

ERROR 

TESS 

26 

117 

22 

297 

ALICE 

14 

159 

10 

378 

BETTY 

22 

142 

18 

229 

CORA 

5 

113 

1 

278 

ELSIE 

8 

84 

4 

173 

HELEN 

27 

119 

23 

214 

IDA 

11 

250 

7 

397 

JUNE 

26 

74 

22 

138 

KATHY 

8 

180 

4 

164 

LORNA 

18 

120 

14 

196 

NANCY 

34 

133 

30 

228 

OLGA 

5 

155 

1 

353 

PAMELA 

11 

120 

7 

315 

SALLY 

11 

211 

7 

574 

TILDA 

27 

137 

23 

312 

VIOLET 

24 

146 

20 

312 

BILLIE 

16 

144 

12 

340 

CLARA 

20 

178 

16 

361 

DOT 

24 

138 

20 

304 

ELLEN 

23 

105 

19 

235 

AVERAGE 

ERROR-24  HR  FORECASTS 

(360  CASES)  . 

■  •  •  •  • 

,  .  .  136 

AVERAGE 

ERROR-48  HR  FORECASTS 

(280  CASES)  . 

1  •  •  •  • 

...  274 
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CHAPTER  iV 

INDIVIDUAL  TYPHOONS 
OF  1961 
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A,  TYPHOON  TESS  (240000Z-310600Z  MARCH  1961) 

On  21  AND  22  March,  the  winds  aloft  and  surface. observations  at 
Truk  indicated  that  a  weak  tropical  cyclone,  which  originated  about 
160  Ml  SE  OF  PoNAPE  on  18  March,  had  passed  just  S  of  Truk  at  about 
211200Z  and  was  intensifying.  A  reconnaissance  aircraft  investigated 
the  CYCLONE  ON  23  MARCH  AND  REPORTED  THAT  A  WEAK  CIRCULATION  EXISTED 
WITH  MAXIMUM  SURFACE  WINDS  OF  15  KTS.  ThE  CIRCULATION  WAS  CLOSELY 
OBSERVED  AND  ON  24  MARCH  A  RECONNAISSANCE  AIRCRAFT  INDICATED  THAT  THE 
SYSTEM  WAS  INTENSIFYING,  FOR  THE  MAXIMUM  OBSERVED  SURFACE  WINDS  HAD 
INCREASED  TO  45  KTS,  BASED  ON  THIS  DATA,  THE  FIRST  WARNING  WAS  ISSUED 
AT  240000Z  ON  Tropical  Storm  TESS, 

At  240000Z  TESS  was  about  300  mi  S  of  Guam,  moving  towards  Yap 
AND  INTENSIFYING.  TESS  WAS  UPGRADED  TO  TYPHOON  INTENSITY  AT  250000Z 
AND  BY  251200Z  WAS  JUST  S  OF  YAP  WITH  MAXIMUM  SURFACE  WINDS  OF  75  KTS, 
TESS  PASSED  WITHIN  30  Ml  OF  YaP,  AND  REPORTS  FROM  Yap  INDICATED  A 
MINIMUM  SEA  LEVEL  PRESSURE  OF  989.0  MBS  WITH  PEAK  SURFACE  GUSTS  OF 
50  KTS.  After  passing  Yap,  TESS  began  to  recurve,  and  by  271200Z 
WAS  MOVING  JUST  E  OF  M  AT  4  KTS.  By  THIS  TIME  TESS  HAD  MAXIMUM  SUR¬ 
FACE  WINDS  OF  125  KTS  AND  NO  FURTHER  INTENSIFICATION  WAS  ANTICIPATED 
AS  TESS  APPEARED  TO  BE  IN  A  TROUGH  THAT  WAS  MOVING  THROUGH  THE  WESTER¬ 
LIES}  HOWEVER,  THE  TROUGH  PASSED  QUICKLY  TO  THE  E  AND  AT  280600Z  TESS 
BEGAN  TO  INTENSIFY  AGAIN  AND  TURN  TOWARDS  THE  NNW,  SURFACE  WINDS 
REACHED  135  KTS  BY  281800Z  AND  THEREAFTER  TESS  BEGAN  TO  WEAKEN  SLOWLY. 
After  300600Z  TESS  began  to  recurve  and  rapidly  weaken.  By  310600Z 
TESS  WAS  MOVING  ENE  AT  23  KTS  WITH  MAXIMUM  SURFACE  WINDS  OF  LESS  THAN 
30  KTS,  THEREFORE  THE  FINAL  WARNING  WAS  ISSUED  AT  THIS  TIME. 

The  cyclonic  circulation  of  TESS  extended  to  about  the  300  mb 

LEVEL  DURING  THE  PERIOD  IT  WAS  A  TYPHOON  AND  AT  THE  TIME  OF  THE  FINAL 
WARNING  EXTENDED  TO  LESS  THAN  10,000  FT.  TESS  FOLLOWED  THE  TRACK  OF 
CLIMATOLOGY  QUITE  WELL,  AND  IN  A  PERIOD  OF  7  DAYS  AND  6  HOURS  TRAVELED 
1,450  Ml,  AVERAGING  8  KTS  OR  200  Ml  PER  DAY,  ThE  MINIMUM  SPEED  OF 
MOVEMENT  WAS  4  KTS  ON  27  AND  28  MARCH  AND  THE  MAXIMUM  SPEED  OF  MOVE¬ 
MENT  WAS  23  KTS  ON  31  March. 

An  unusual  feature  of  TESS  was  that  on  28  March  it  appeared  that 

TESS  WAS  CAUGHT  IN  A  TROUGH  MOVING  THROUGH  THE  WESTERLIES.  WEAKENING 
WAS  INDICATED  AND  TESS  HAD  BEGUN  TO  MOVE  E  OF  N;  HOWEVER,  WITH  PASSAGE 
OF  THE  TROUGH  TO  THE  E,  TESS  BEGAN  TO  INTENSIFY  AGAIN  AND  TURNED  TO 

THE  NMW,  Another  RARITY,  TESS  was  one  of  3  typhoons  to  occur  during 
March  in  the  past  14  years. 

A  concentric  eye  was  observed  by  weather  reconnaissance  at 
270740Z  AT  12, 6N  135, 2E.  The  SLP  was  940  mb;  700  mb  wind,  120- kts; 
HEIGHT,  8500  ft;  and  temperature  21°  C, 

TESS,  BEATING  THE  SEASON  BY  ABOUT  FOUR  MONTHS  BEGAN  HER  LIFE 
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CHURNING  HARMLESSLY  IN  THE  OPEN  SEA  OF  THE  CAROLINE  ISLANDS.  ShE  MAIN¬ 
TAINED  A  RELATIVE  WESTERLY  MOVEMENT  PASSING  24  MILES  SOUTH  OF  YAP  IS¬ 
LAND  ON  THE  25th  of  March  at-  1200Z.  Maximum  peak  gusts  of  50  kts 
WERE  RECORDED  AT  2255Z.  A  TOTAL  OF  3.6  INCHES  OF  RAIN  FELL  DURING  THE 
PASSAGE^  WITH  NO  RISE  IN  TIDES.  PRELIMINARY  REPORTS  INDICATED  CON¬ 
SIDERABLE  DAMAGE  TO  TREES  AND  HOUSING  WITH  NO  CASUALTIES  REPORTED. 

TESS  BEGAN  RECURVING  TO  THE  NORTH  SHORTLY  AFTER  PASSAGE  OF  YaP.  SHE 
REMAINED  ON  THIS  NORTHERLY  COURSE  BLOWING  INNOXIOUSLY  OVER  OPEN  SEA 
FOR  THE  DURATION  OF  HER  LIFE^  BUT  MAY  HAVE  CAUSED  DAMAGE  TO  SEAGOING 
VESSELS. 
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LAND  RADAR  AND  AIRCRAFT  FIXES  TYPHOON  TESS 


tn 


FIX 

NO. 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

rc)  __ 

EYE  CHARACTERISTICS 

1 

222300Z 

07. 6N 

145. 5E 

56- P-10 

15 

— 

10240 

1009 

09/09 

SEMICIRC  WALL  CLDS  W  THRU  N-E 
DIA  APPROX  40  Ml 

2 

232300Z 

09. ON 

144. 3E 

56- P-10 

45 

30 

10220 

1005 

12/11 

SEMICIRC  DIA  30  Ml  WALL  CLDS 

N  &  W  OPEN  E  &,  S 

3 

240636 Z 

08. 7N 

143. 6E 

56- P-02 

30 

35 

10121 

1003 

13/03 

NOT  WELL  DEFINED  ON  RADAR 

4 

242227Z 

08. 8N 

140. 2E 

56-P^05 

65 

40 

9870 

994 

17/13 

NOT  WELL  DEFINED  10  Ml  OIA 

5 

25071 5Z 

09.  IN 

138,7E 

56- P-01 

75 

70 

9850 

984 

16/11 

CIRC  DIA  40  Ml  WALL  CLDS  E-N-W 

6- 

2521 45Z 

09. 7N 

136. 6E 

56- P-05 

80 

60 

9500 

988 

15/08 

NO  WELL  DEFINED  EYE  PATTERN  j 

7 

260230Z 

10, ON 

136. 2E 

56- P-05 

80 

60 

9410 

980 

17/11 

NO  WELL  DEFINED  EYE  PATTERN 

8 

260745Z 

10. 6N 

135. 9E 

56- P-02 

80 

60 

9490 

974 

17/10 

CIRC  NOT  TOO  WELL  DEFINED  DIA 
70  Ml  WALL  CLDS  N-NE 

9 

262200Z 

11. 8N 

135.5E 

56- P-05 

50 

90 

8930 

966 

17/13 

CIRC  DIA  20  Ml  WELL  DEFINED 

10 

270300Z 

12. 2N 

135.3E 

56- P-02 

110 

110 

8760 

968 

21/14 

CIRC  DIA  20  Ml  WELL  DEFINED 

11 

270740Z 

12. 6N 

135. 2E 

56- P-02 

110 

120 

8510 

940 

21/07 

CIRC  DIA  20  Ml 

12 

271 500Z 

13. IN 

135. 3E 

VW1-R-05 

*•••• 

DIA  12  Ml  KVY  WALL  CLDS  ALL 
QUADS 

13 

272145 

13. 5N 

135.7E 

56- P-05 

105 

8680 

974 

17/17 

ELLIP  DIA  12  BY  25  Ml  NE-SW 

EYE  NOT  WELL  DEFINED 

14 

280245Z 

13. 9N 

135.5E 

56- P-05 

80 

120 

8610 

972 

16/16 

EYE  NOT  DEFINED  BY  RADAR  OR 
VISUAL 

15 

280920Z 

14. IN 

135. 6E 

56- P-02 

100 

120 

8510 

946 

18/17 

30  Ml  DIA  WELL  DEFINED  WALL 
CLDS  ALL  QUADS 

LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  TESS  (CONT'D) 


FIX 


NO. 

TIME 

LAT. 

LONG. 

16 

28221 5Z 

15, ON 

135. IE 

17 

290245Z 

15.4N 

134. 8E 

18 

290745Z 

15.9H 

134. 6E 

19 

292210Z 

17.4N 

134. 6E 

20 

3O0356Z 

18. 2N 

134. 6E 

21 

300535Z 

18. 6N 

134. 3E 

22 

300755Z 

18. 8N 

134. 3E 

23 

30223OZ 

21. 8N 

135.9E 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

56- P-05 

_ — 

122 

8420 

937 

56- P-05 

100 

105 

8610 

946 

56- P-05 

no 

120 

8780 

951 

56- P-05 

125 

110 

9020 

953 

56- P-05 

120 

100 

9140 

975 

VW1-R-05 
56- P-10 
56- P-10 

80 

60 

40 

9930 

10380 

987 

1009 

700MB 

T/Td 

_ EYE  CHARACTERISTICS 


20/16 

CIRC 

DIA 

15MI 

WALL 

CLDS 

ALL 

QUADS 

19/15 

CIRC 

DIA 

20MI 

WALL 

CLDS 

ALL 

QUADS 

21/17 

CIRC 

DIA 

15MI 

WALL 

CLDS 

ALL 

19/14 

QUADS 

30X20MI  ! 

LONG 

AXIS  1 

MW  OPEN  SE 

21/15 

NOT  DEFINED  WALL  CLDS  NE 

;  ALL 

OTHER 

QUADS  OPEN 

CIRC 

DIA 

18MI 

OPEN 

SW 

21/16 

EYE  NOT 

DEFINED 

10/08 

CIRC 

DIA 

40MI 

OPEN 

SW-H 

^TYPHOON  TESS  24-31  MARCH  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION  24  HR.  ERROR  48  HR.  ERROR 


DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

240000Z 

08. 6N 

144. 3E 

240600Z 

08. 9N 

143. 6E 

241200Z 

09.1  N 

142. 6E 

241800Z 

09. IN 

141. 3E 

250000Z 

09.0H 

140. IE 

065-146 

250600Z 

09.  ON 

139. IE 

065-185 

251200Z 

09.0N 

138. IE 

070-210 

251800Z 

09.2N 

137. 2E 

070-235 

260000Z 

09.7N 

136. 5E 

246-74 

072-265 

260600Z 

10.4N 

135.9E 

251-140 

078-272 

261200Z 

11. ON 

135.7E 

238-162 

086-247 

261800Z 

11. 5N 

135.5E 

212-140 

086-230 

270000Z 

12.0N 

135. 4E 

246-148 

250-303  . 

270600Z 

12. 5N 

135.4E 

243-177 

249-350 

271200Z 

12. 9N 

135. 3E 

256-141 

250-391 

271800Z 

13.3N 

135.4E 

260-174 

238-352 

280000Z 

13.7N 

135.5E 

275-84 

252-389 

280600Z 

14. IN 

135.5E 

325-26 

250-355 

281200Z 

14.5N 

135. 4E 

360-55 

263-240 

281800Z 

14. 8N 

135. 2E 

018-63 

268-252 

290000Z 

15.2N 

135.0E 

058-105 

030-118 

290600Z 

15. 7N 

134.7E 

073-117 

042-188 

291200Z 

16. 3N 

134.5E 

096-116 

050-292 

-291 800Z 

17.0N 

134.5E 

104-127 

058-360 

300000Z 

17.7N 

134.6E 

118-71 

062-435 

300600Z 

18. 5N 

134.4E 

159-61 

068-430 

301200Z 

19. 5N 

134. IE 

153-23 

078-407 

301800Z 

20.8N 

134. 6E 

186-59 

087-382 

310000Z 

22.1  N 

136.4E 

188-88 

139-118 

310600Z 

23.0N 

138. 8E 

221-110 

228-162 

AVERAGE  24  HOUR  ERROR  117  Ml 
AVERAGE  48  HOUR  ERROR  297  Ml 
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B.  TYPHOON  ALICE  (l 700002-211 200Z  MAY  1961) 

A  VERY  WEAK  EASTERLY  WAVE  APPEARED  TO  HAVE  PASSED  GUAM  AT 
081200Z,  PROVIDING  A  SLIGHT  WIND  SHIFT  AND  SHOWERS  ALONG  IT^TTRACK; 

It  was  one  of  many  to  travel  this  route  and  had  little  apparent  SIG¬ 
NIFICANCE.  By  the  time  it  was  110  mi  S  of  Manila  at  150600Z  a  closed 

CIRCULATION  EXISTED,  THOUGH  SOMEWHAT  CONFUSED  IN  FORM,  AND  STILL 
AROUSED  NO  SUSPICION.  BY  170000Z,  HOWEVER,  THE  ASSOCIATED  WIND  PATTERN 
WAS  SUFFICIENT  TO  WARRANT  ISSUE  OF  A  DEPRESSION  WARNING.  RECONNAISSANCE 
AT  170345Z  INDICATED  WINDS  OF  35  KTS  AT  THE  SURFACE,  AND  AN  INDICATED 
SURFACE  PRESSURE  OF  988.0  MB.  INTENSIFICATION  OF  TROPICAL  DEPRESSION 
Six  TO  TYPHOON  STRENGTH  WAS  RAPID,  OCCURRING  BETWEEN  170000Z  AND 

171800Z. 

ALICE  MOVED  NORTHWARD  TOWARD  HONG  KONG,  AND  INTENSIFIED  TO  A 
CIRCULATION  WITH  75  KT  SFC  WINDS  BY  180600Z.  ThE  TYPHOON  PASSED  WITH¬ 
IN  10  OR  15  Ml  TO  THE  W  OF  THE  ROYAL  OBSERVATORY  AT  HONG  KONG  AT 

190500Z.  An  upper  wind  observation  made  by  the  Observatory  at  190400Z, 

WHEN  THE  TYPHOON  WAS  A  FEW  MILES  SH  OF  THE  STATION,  INDICATES  THE 
CYCLONE  TO  HAVE  EXTENDED  THROUGH  40000  FT  AS  A  CLOSED  CIRCULATION. 

ALICE  DEPARTED  THE  ASIATIC  MAINLAND  AT  200800Z,  AND  WAS  105  HI  S 
OF  Kagoshima,  Kyushu,  Japan  at  2t0600Z.  The  final  warning  was  issued 
AT  211200Z  WHEN  ALICE  was  moving  E  at  28  kts.  It  was  in  its  final 

STAGES  AS  A  TROPICAL  CIRCULATION,  RAPIDLY  BECOMING  EXTRATROPICAL. 

While  in  the  South  China  Sea,  ALICE  followed  a  smooth  track  of 

RECURVATURE  AROUND  THE  WESTERN  SIDE  OF  THE  PACIFIC  HIGH,  THEN  IT  MOVED 
INTO  THE  WESTERLIES  WHILE  OVER  THE  ASIATIC  MAINLAND. 

ALICE  TRAVELED  1660  HI  IN  4  AND  ONE  HALF  DAYS  AT  AN  AVERAGE  SPEED 
OF  15,4  KTS  OR  368  Ml  PER  DAY.  THE  CYCLONE  MOVED  AT  A  MINIMUM  SPEED 
OF  6  KTS  FROM  170000Z  TO  171800Z  AND  AT  A  MAXIMUM  SPEED  OF  28  KTS  FROM 
210600Z  TO  211200Z,  Typhoon  ALICE  was  at  its  greatest  intensity  (75 
kts)  from  180600Z  to  190000Z, 

The  areas  affected  by  ALICE  were  the  South  China  Sea,  Hong  Kong, 

AND  THE  Asiatic  mainland.  While  ALICE  was  in  the  South  China  Sea,  a 
Philippine  fishing  vessel.  Be  la  Paz,  was  sunk  as  a  result  of  the  high 
winds  and  seas  created  by  the  tropical  cyclone.  Hong  Kong  suffered  4 

DEAD  AND  20  INJURED;  HEAVY  RAINS  AND  STRONG  WINDS  DESTROYED  CROPS  ON 
321,000  ACRES  OF  LAND  OF  THE  CHEKIANG  PROVINCE  ON  THE  ASIATIC  MAINLAND, 
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LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  ALICE 


FIX 

NO, 

TIME 

LAT, 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

(°cy 

EYE  CHARACTERISTICS 

1 

o 

170345Z 

1  7P1  ^7 

15. 5N 

1  A  QM 

114. 8E 

1 1 A 

56- P-02 
VW1-U-U 
56- P-02 

35 

25 

9920 

988 

14/09 

CIRC  OIA  50  Ml  WALL  CLOS  E  & 

3 

\  (  Cm  \  OU^ 

172230Z 

1  o  •  on 

17. 2N 

1  1  ‘t,CC 

114.0E 

65 

60 

9730 

985 

13/09 

CIRC  DIA  30  Ml  WALL  CLDS  OPEN 

4 

181000Z 

19. IN 

113. 7E 

VM1-R-10 

EYE  WELL  DEFINED  DIA  38  HI 

5 

2G2230Z 

29. 8N 

126. 9E 

56- P-05 

50 

9860 

997 

08/08 

EYE  NOT  DEFINED 

6 

7 

210300Z 

2iodioz 

29. 6N 
29. 7N 

128. 6E 
133.0E 

56- P-02 
56- P-05 

35 

45 

60 

9930 

998 

10/09 

EYE  NOT  DEFINED  NO  WALL  ClDS 
DIFFUSE  OPEN  $  &.  W 

TYPHOOH  ALICE  17-21  MAY  1961 
POSITION  ANO  FORECAST  VERIFICATION  DATA 


STORM  POSITION  24  HR.  ERROR  46: HR.  ERROR 


DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

170000Z 

15. 2N 

115.0E 

170600Z 

15. 7N 

114.7E 

171200Z 

t6.2N 

M4.4E 

171800Z 

16. 7N 

114.2E 

180000Z 

180600Z 

17. 3H 
18. 3N 

114.0E 

113.8E 

195-23 

181200Z 

19. 5N 

113.7E 

209-94 

181800Z 

20. 5N 

113.8E 

200-140 

190000Z 

21 .6N 

n3.9E 

200-151 

190600Z 

22. 5N 

114. IE 

201-200 

186-157 

191200Z 

23.6N 

114.8E 

244-38 

213-286 

191800Z 

24. 7H 

115.8E 

070-27 

213^385 

2000002 

25.9N 

117.5E 

212-103 

219-440 

2006001 

27. 3N 

119. 9E 

232-165 

226-576 

201200Z 

28. 3N 

122.5E 

233-267 

233-258 

201800Z 

29.2N 

125.2E 

235-288 

229-218 

210000Z 

29. 6N 

128.0E 

247-330 

242-443 

210600Z 

29. 8N 

130. 8E 

253-237 

250-463 

211200Z 

29.8N 

134. IE 

277-168 

256-557 

AVERAGE  24  HOUR  ERROR  159  Ml 
AVERAGE  48  HOUR  ERROR  378  Ml 
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C.  TYPHOON  BETTY  (220600Z-281200Z  MAY  1961) 


The  origin  of  Typhoon  BETTY,  unlike  many  other  tropical  cyclones, 

CANNOT  BE  TRACED  EASTWARD  IN  TERMS  OF  STATION  PASSAGE  TO  ITS  INCEPTION 
AS  A  CLOSED  VORTEX.  AVAILABLE  DATA  INDICATES  THAT  BETTY  BECAME  A 
CLOSED  VORTEX  BEFORE  201200Z  S  OF  KOROR.  ThE  24  HOUR  PRESSURE  TEN¬ 
DENCY  FALLS  FROM  MAJURO  TO  KOROR  THAT  FREQUENTLY  PRECEDE  THE  DEVELOP¬ 
MENT  OF  STRONG  TROPICAL  CYCLONES  COMMENCED  AT  ABOUT  1^600Z.  THESE 
FALLS  CEASED  AT  MAJURO  AFTER  190600Z,  AFTER  210900Z  AT  GUAM  AND  AFTER 
211200Z  AT  Koror.  The  201200Z  surface  streamline  chart  indicated  a 

VORTEX  BETWEEN  KOROR  AND  THE  EQUATOR  WHICH  MOVED  SLOWLY  NM  AND  PASSED 

Koror  after  201200Z,  Prior  to  201200Z  only  an  E-W  elongated  pressure 
TROUGH  existed  N  OF  THE  EQUATOR  FROM  W  OF  KOROR  TO  KUSAI. 

Reconnaissance  into  the  circulation  provided  data  to  issue  a 
TROPICAL  storm  WARNING  AT  220600Z,  INDICATING  60  KT  SURFACE  WINDS 
NEAR  THE  CENTER.  THE  FIRST  TYPHOON  WARNING  WAS  ISSUED  AT  221200Z. 

After  the  first  warning  BETTY  moved  NW  toward  Taiwan  at  an  aver¬ 
age  SPEED  OF  10  KTS  WITH  THE  RATE  OF  INTENSIFICATION  OF  SURFACE  WINDS 
AVERAGING  5  KTS  PER  6  HOURS.  PEAK  INTENSITY  OF  130  KTS  WAS  REACHED 
AT  251200Z.  The  typhoon  passed  less  than  10  mi  WSW  of  Batan  Island, 
ABOUT  120  Ml  N  OF  Luzon,  just  after  252100Z.  At  this  time  the  surface 
WIND  SPEEDS  OF  THE  CIRCULATION  WERE  125  KTS,  THE  HIGHEST  REPORTED 
WINDS  BY  OBSERVATION  AT  BATAN  WERE  100  KTS  AT  251900Z.  ThE  ANEMOMETER 
WAS  CARRIED  AWAY  SHORTLY  THEREAFTER.  THE  MINIMUM  PRESSURE  BY  OBSER¬ 
VATION  WAS  957.5  MB  AT  252100Z,  just  before  the  center  of  the  eye 
PASSED  Batan.  Aircraft  reconnaissance  at  252320Z  indicated  the  mini¬ 
mum  PRESSURE  TO  BE  950  MB  IN  THE  CENTER  OF  BETTY,  WHICH  WAS  LESS  THAN 
20  Ml  FROM  Batan  at  that  time.  The  typhoon  "landed"  about  midway  of 
the  E  coast  of  Taiwan  at  261600Z  with  wind  speeds  of  90  kts.  It  moved 

ACROSS  THE  ISLAND  IN  A  NNH  DIRECTION  AT  AN  AVERAGE  SPEED  OF  18  KTS, 

The  land  mass  effectively  destroyed  the  eye  of  the  typhoon  as  such, 

AND  REDUCED  THE  MAXIMUM  SURFACE  WINDS  AROUND  BETTY  TO  60  KTS,  BETTY 
moved  in  AN  EASTERLY  DIRECTION  FOR  THE  FIRST  TIME  JUST  AFTER  270000Z, 
The  storm  skirted  the  Asiatic  mainland  until  it  reached  32N  then  veered 
SHARPLY  NE  AND  MOVED  INTO  KOREA  JUST  N  OF  CHEJU-DO  AT  280800Z.  THE 
LAST  WARNING  WAS  ISSUED  AT  281200Z  AS  IT  WAS  RAPIDLY  BECOMING  EXTRA- 
TROPICAL.  Shortly  thereafter  it  became  imbedded  at  the  surface  in  a 
RAPIDLY  INTENSIFYING  EXTRATROP ICAL  CYCLONE  AND  LOST  ITS  IDENTITY. 

The  path  formed  by  the  movement  of  BETTY  is  fairly  typical  of  the 
track  created  as  a  result  of  the  ridge  line  moving  N  during  the  life 
CYCLE  OF  A  TYPHOON.  THE  500  MB  RIDGE  MOVED  FROM  20N  AT  221200Z  TO 
24N  AT  241200Z.  A  transient  anticyclone  formed  just  HNW  of  Shanghai 
ON  25  May,  creating  the  effect  of  further  northward  movement  of  the 
RIDGE  LINE,  THESE  FACTORS  TENDEO^ TO  CAUSE  THE  CONTINUED  NORTHERLY 
MOVEMENT  OF  BETTY  RATHER  THAN  RECURVATURE  AT  18  TO  20  DEGREES  N  AS 
MIGHT  HAVE  BEEN  EXPECTED  OTHERWISE,  AFTER  THE  TRANSIENT  ANTICYCLONE 
MOVED  EASTWARD  OVER  JAPAN,  BETTY  CURVED  SHARPLY  BEHIND  IT  AND  MOVED 
TO  THE  NE. 
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Typhoon  BETTY  extended  though  the  200  mb  level  at  261200Z  while 
NEAR  Taiwan.  < 

Each  year  one  or  two  unusual  reports  op  concentric  eyes  are  made 

BY  THE  RECONNAISSANCE  OBSERVERS.  ONE  REPORT  WAS  MADE  ON  TYPHOON  BETTY 
AT  230500Z;  THE  TIME  OF  THE  THIRD  RECONNAISSANCE  FIX  AND  IS  QUOTED 
HERE:  •’VULTURE  0311  BETTY  SIX  EYE  DATA  REPORT  PSN  ONE  TWO  PT  SIX  NORTH 
AT  ONE  THREE  ONE  PT  ONE  EAST  AT  ZERO  FIVE  ZERO  ZERO  ZULU  BASIS  FOR  FIX 
WIND  CENTER  FIX  BY  PENETRATION  PSN  BY  LORAN  ACCY  8  Ml  MAX  OBSVD  WNDS 
SFC  75K  EAST  QUAD  MAX  FLT  LVL  WND  55K  EAST  QUAD  700MB  HT  9880FT  XMTD 
SLP  984  MBS  FLT  LVL  673MB  TEMP  11.5  DEGC  DEW  PT  2  DEGC  TURB  LIGHT  ALL 
QUAD  EYE  WITHIN  AN  EYE  DIA  CIRCULAR  DIA  OF  OUTER  EYE  60  MILES  DIA  OF 

INNER  EYE  20  MILES  SC  CLDS  IN  INNER  EYE  MOD  RAIN  ALL  QUAD.” 

There  are  some  indications  that  the  wall  cloud  surrounding  the 

EYE  OF  A  WELL  DEVELOPED  TYPHOON  IS  DETACHED  FROM  THE  SPIRAL  BANOS  ASSO¬ 
CIATED  WITH  THE  TYPHOON,  IF  RADAR  PICTURES  MAY  BE  CONSIDERED  EVIDENCE. 

The  possibility  then  exists  that  a  spiral  band  may  completely  surround 

THE  WALL  CLOUD  FOR  SHORT  PERIODS  OF  TIME,  THUS  FORMING  WHAT  APPEARS  TO 
BE  THE  OUTER  CIRCULAR  CLOUD  PATTERN  ASSOCIATED  WITH  THE  PHENOMENA 
KNOWN.  AS  A  CONCENTRIC  EYE. 

Typhoon  BETTY  traveled  2025  mi  in  the  6  days  6  hours  that  warn¬ 
ings  WERE  ISSUED,  AT  AN  AVERAGE  SPEED  OF  13.5  KTS.  THE  MINIMUM  SPEED 
OF  MOVEMENT,  6  KTS  OCCURRED  BETWEEN  220600Z  AND  221800Z.  THE  MAXIMUM 

SPEED  OF  MOVEMENT,  33  KTS,  OCCURRED  BETWEEN  280600Z  AMD  281200Z.  THE 

MAXIMUM  SURFACE  WIND  SPEED  OF  130  KTS  OCCURRED  BETWEEN  251200Z  AND 
251800Z. 

The  AREAS' affected  by  BETTY  were  Batan  Island,  Taiwan,  the  Asiatic 
MAINLAND  JUST  S  OF  SHANGHAI,  AND  KOREA.  THE  ONLY  REPORTS  AVAILABLE 
INDICATE  EXTENSIVE  CROP  DAMAGE  ON  TAIWAN  DUE  TO  FLOODING. 
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LAND  RADAR  AWD  AIRCRAFT  FIXES  -  TYPHOON  BETTY 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WHO 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

(^C) 

EYE  CHARACTERISTICS 

1 

220451 Z 

10. 6H 

133.4E 

56- P-05 

70 

45 

9990 

990 

18/07 

CIRC  20HI  DIA 

2 

2221 06Z 

12.1N 

132. 6E 

56- P-1 5 

50 

52 

9820 

982 

16/01 

CIRC  DIA  50MI  FILLED  H|TH  SC 

3 

230500Z 

12.6N 

131. IE 

56-P-08 

75 

55 

9880 

984 

13/04 

DOUBLE  EYE  DIA  INNER  EYE  20MI 

OUTER  EYE  60MI 

4 

230800Z 

12. 9N 

130.4E 

56-P-10 

70 

55 

9890 

990 

08/- 

CIRC  DIA  20MI 

5 

232240Z 

14. 6N 

127. 6E 

56- P-02 

60 

70 

9390 

970 

16/08 

CIRC  DIA  50M1  OPEN  SH  HVY  HALL 

CLDS  SE 

6 

240345Z 

15. IN 

126. 8E 

56- P-05 

100 

70 

9240 

971 

15/06 

CIRC  DIA  60HI 

7 

240810Z 

15.4N 

126. 5E 

56- P-07 

100 

90 

9190 

968 

17/13 

CIRC  DIA  25MI 

8 

24221 2Z 

17,0N 

124. 6E 

56-P-02 

60 

95 

8780 

954 

17/07 

CIRC  DIA  40MI  HELL  DEFINED  HALL 

CLDS  ALL  QUADS 

9 

'  25031 5Z 

17.8N 

124.0E 

56-P-01 

100 

95 

8610 

946 

17/06 

CIRC  DIA  30MI  HALL  CLDS  ALL 

QUADS  HELL  DEFINED 

70 

250907Z 

18.4N 

123,6E 

56- P-02 

120 

8630 

947 

21/10 

CIRC  DIA  20MI 

11 

252320Z 

20. 5N 

121.8E 

56-P-02 

112 

8730 

950 

20/09 

CIRC  DIA  45MI 

12 

26031 OZ 

21 .2N 

121. 3E 

C-130-R-U 

.... 

... 

DIA  20Mi 

13 

2604437 

21 .2N 

121. 5E 

56- P-01 • 

- — 

105 

8760 

956 

18/16 

CIRC  DIA  40HI 

14 

260545Z 

21 .2H 

121. 5E 

VH1-R-10 

... 

... 

15 

2608^SZ 

21 .9N 

121 .5E 

56- P-01 

... 

90 

8830 

956 

16/12 

CIRC  DIA  40HI 

16 

261400Z 

23.0N 

1  oi 

1  yn  /oriD 

1  c  1  •  wC 

LNU/ICUn 

**’**** 

17 

26141 5Z 

23.0N 

122. IE 

lnd/rdr 

... 

«»«»«»<» 

... 

TYPHOON  BETTY  22-28  MAY  1961 


POSITION 

AND  FORECAST 

VERIFICATION  DATA 

STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

OTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

220600Z 

10. 7N 

133.5E 

221200Z 

11.2k 

133.2E 

221800Z 

11. 8H 

132. 8E 

230000Z 

12. 2N 

132,2E 

230600Z 

12. 7K 

131  .OE 

031-44 

231200Z 

13. 2N 

129. 6E 

063-60 

231800Z 

13. 9M 

128. 3E 

096-82 

240000Z 

14. 7N 

127. 5E 

113-140 

240600Z 

15.2N 

126. 8E 

093-160 

156-63 

241200Z 

15.7H 

126.0E 

221-90 

193-70 

241800Z 

16.4N 

125. IE 

208-75 

191-98 

250000Z 

17.2N 

124.3E 

026-136 

133-130 

250600Z 

18. IN 

123. 6E 

033-96 

090-170 

251200Z 

19. IN 

122. 9E 

121-75 

127-82 

251800Z 

19. 9N 

122.2E 

124-101 

123-114 

260000Z 

20. 7N 

121. 8E 

123-62 

063-334 

260600Z 

21 .3N 

121 .5E 

089-62 

060-277 

261200Z 

22. 5N 

121. 5E 

114-80 

121-154 

261800Z 

23. 5N 

121 .4E 

105-106 

120-179 

270000Z 

25. 3K 

120. 9E 

090-97 

110-190 

270600Z 

26. 6N 

121 .OE 

112-122 

097-256 

271200Z 

28. 2N 

121 .3E 

106-208 

096-325 

271800Z 

30. 4N 

121. 8E 

113-326 

105-400 

280000Z 

32. 5N 

122.9E 

225-270 

112-441 

280600Z 

33. 8N 

125. 5E 

228-358 

123-415 

28i200Z 

35. 4N 

129.0E 

236-382 

131-421 

AVERAGE  24 

HOUR  ERROR 

142  Ml 

AVERAGE  48 

HOUR  ERROR 

229  Ml 

70 


.3.0Cl./5r. 


D.  TYPHOON  CORA  (220600Z-250600Z  JUNE  1961) 

CORA  DEVELOPED  PROM  THE  WESTERNMOST  OP  A  SERIES  OP  1006  MB  LOWS 
THAT  PORMED  A  TROUGH  PROM  ABOUT  300  Ml  E  OP  SAIGON  TO  THE  ISLAND  OP 
Majuro  on  the  190600Z  surpace  chart.  At  this  time  the  surpace  pres¬ 
sures  ALONG  THIS  TROUGH  BEGAN  A  SLOW  DECREASE  THAT  RESULTED  1 N  AN 
AVERAGE  PRESSURE  OP  1003  MB  BY  220600Z)  TIME  OP  THE  PIRST  WARNING  AS 
A  TROPICAL  DEPRESSION  TO  BE  LATER  KNOWN  AS  TYPHOON  CORA.  ThE  CENTER 
PRESSURE  OP  CORA  WAS  APPROXIMATELY  995  MB  AMO  THE  SURPACE  WINDS  WERE 
25  KTS  AT  THAT  TIME. 

The  500  MB  PATTERN  AT  TIME  OP  THE  PIRST  WARNING  INDICATED  THAT 
CORA  EXISTED  BETWEEN  A  WESTERLY  PLOW  NEAR  THE  EQUATOR  AND  AN  ANTI¬ 
CYCLONE  CENTERED  NEAR  30H  THAT  SLOWLY  MOVED  S  TO  27N  DURING  THE  LIFE 
CYCLE  OP  CORA,  Movement  op  CORA  northward  across  this  trough  added 
AN  eastward  component  TO  THE  NORTHERLY  MOVEMENT  OF  THE  LOW  AT  PIRST, 
AND  LATER  A  WESTERLY  COMPONENT  THAT  FINALLY  BECAME  THE  PREDOMINANT 
DIRECTION  OP  MOVEMENT  OF  CORA  AS  IT  INTENSIFIED  TO  TYPHOON  STRENGTH 
AND  MOVED  TOWARD  NORTH  VIETNAM. 

CORA  WAS  A  WEAK  TYPHOON  WITH  AN  EYE  VARYING  FROM  40  TO  80  Ml  IN 
DIAMETER,  AND  HAD  POORLY  DEFINED  WALL  CLOUDS.  ThE  PINAL  WARNING  WAS 
ISSUED  WHEN  CORA  WAS  45  Ml  PROM  THE  POINT  AT  WHICH  IT  MOVED  INLAND, 

75  Ml  S  OF  ViNH  ALONG  THE  COAST  OF  VIETNAM, 

CORA  TRAVELED  500  Ml  DURING  THE  3  DAYS  THAT  WARNINGS  WERE  ISSUED 
AT  AN  AVERAGE  SPEED  OF  6,9  KTS  OR  AT  AN  AVERAGE  MOVEMENT  OF  167  Ml 
PER  DAY.  The  CYCLONE  MOVED  AT  A  MINIMUM  sfpEED  OF  3  KTS  BETWEEN 
220600Z  AND  221800Z;  at  a  maximum  speed  of  12  kts  between  241200Z 
AND  250000Z,  AND  HAD  MAXIMUM  SURFACE  WIND  SPEEDS  OF  70  KTS  BETWEEN 
230600Z  AND  240600Z.  Damage  reports  were  not  received  by  JTWC,  how¬ 
ever  POSSIBLE  DAMAGE  COULD  HAVE  OCCURRED  TO  SHIPPING  OR  SMALL  ISLANDS. 
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LAND  RADAR  AHD  AtRCRAFT  FIXES  ~  TYPHOON  CORA 


UNIT 

MAX 

MAX 

MIN 

MIN 

700MB 

FIX 

METHOD 

SFC 

700MB 

700MB 

SLP 

T/Td 

NO. 

TIME 

LAT. 

LONG. 

&  ACCY 

WNO 

WNO 

HGT 

MBS 

&C) 

EYE  CHARACTERISTICS 

1 

230705Z 

16. 3N 

114.1 

56- P-05 

80 

42 

9910 

991 

13/09 

POORLY  DEFINED  WALL  CLD  W  QUAD 

14/09 

CIRC 

DIA  40MI 

2 

232355Z 

16. 9N 

112.4E 

56- P-01 

65 

30 

9830 

989 

CIRC 

DIA  80MI  POORLY  DEFINED 

3 

24031 5Z 

17. IN 

111.5E 

56- P- 1/2 

75 

45 

9800 

987 

15/08 

CIRC 

DIA  80Mt  WALL  CLDS  S  &  H 

QUADS  OPEN  E  &  N 


3! 


TYPHOON  CORA  22-25  JUNE  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION  24  HR.  ERROR 


DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

220600Z 

15.2N 

115. IE 

221200Z 

15. 5N 

114. 9E 

221800Z 

15. 8N 

114. 8E 

230000Z 

16.0N 

114. 6E 

230600Z 

16. 3N 

114.2E 

231200Z 

16. 4N 

113.8E 

231800Z 

16.7N 

113.2E 

240000Z 

16. 9N 

112.3E 

240600Z 

17. 2N 

111.6E 

065-115 

241200Z 

17. 3H 

110. 6E 

062-153 

241800Z 

17.2N 

109. 3E 

048-131 

250000Z 

17.1N 

108. OE 

042-141 

250600Z 

17.4H 

107. IE 

122-26 

AVERAGE  24  HOUR  ERROR  113  Ml 
AVERAGE  48  HOUR  ERROR  278  HI 


48  HR.  ERROR 
DEG.  DISTANCE 


054-278 
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E.  TYPHOON  ELSIE  (121200Z-150600Z  JULY  1961) 

ELSIE  BECAME  A  CLOSED  VORTEX  ABOUT  360  Ml  HE  OF  TrUK  ON  THE 
031200Z  surface  chart  with  a  center  pressure  not  lower  than  1009  mb, 

A  RATHER  HIGH  MINIMUM  PRESSURE  VALUE  IN  THE  TROPICS.  THIS  WEAK  CY¬ 
CLONE  MEANDERED  2300  Ml  AT  AN  AVERAGE  SPEED  OF  10  KTS  IN  THE  EASTER¬ 
LIES  BEFORE  A  WARNING  WAS  ISSUED. 

The  first  warning  was  issued  after  reconnaissance  had  determined 

THE  POSITION  OF  THE  CIRCULATION,  AND  THE  FACT  THAT  IT  HAD  WALL  CLOUDS. 

The  surface  wind  speeds  of  the  typhoon  intensified  to  a  maximum  of 
80  KTS  and  it  continued  to  move  toward  the  S  tip  of  Taiwan,  striking 
LAND  THERE  AT  1 32000Z  WITH  SUSTAINED  SURFACE  WINDS  OF  70  KTS.  ThE 
TRACK  AND  CONTINUED  WESTERLY  MOVEMENT  OF  ELSIE  CONFIRMED  THE  RULE  OF 
thumb  indicated  BY  Lt.  Colonel  Hsu  Ying-Chin,  in  "The  Problem  of 
Typhoon  Forecasting  Over  Taiwan  and  Its  Vicinity,"  that  if  a  station¬ 
ary  LEEWARD  INDUCED  LOW  FORMS  NEAR  TAICHUNG  (46751)  AND  INTENSIFIES, 
THE  TYPHOON  WILL  NOT  RECURVE.  ThE  INDUCED  LOW  BEGAN  FORMING  AS  EARLY 
AS  130000Z  AND  WAS  WELL  ESTABLISHED  BY  TIME  OF  LAND  STRIKE  ON  TAIWAN. 
The  typhoon  did  not  recurve. 

ELSIE  gradually  weakened  after  passing  Taiwan,  moved  across  the 

SOUTHERN  APPROACH  TO  TAIWAN  STRAIT  AND  ENTERED  THE  ASIATIC  MAINLAND 

125  Ml  EHE  OF  Hong  Kong.  The  35  kt  surface  winds  that  existed  .at 

TIME  OF  LAND  STRIKE  RAPIDLY  WEAKENED  TO  15  KTS.  THE  LAST  WARNING 
WAS  ISSUED  AT  150600Z  WHEN  THE  CYCLONE  WAS  90  Ml  INLAND,  AND  105  Ml 
NE  OF  Hong  Kong. 

The  USE  of  extrapolation,  climatology  and  the  500  mb  chart  pro¬ 
vided  THE  best  guide  FOR  FORECASTING  THE  VELOCITY  OF  ELSIE.  THE  500 
MB  SPACE  MEAN  CHART  WAS  OF  LITTLE  USE  UNTIL  14  JULY,  AND  THE  200  MB 
CHART  SUGGESTED  A  MORE  SOUTHERLY  MOVEMENT  THAN  THAT  WHICH  OCCURRED. 

A  TROPICAL  CYCLONE  OF  23-24  JULY  1944  WAS  USED  AS  A  CLIMATOLOGY  MODEL. 

Limited  data  indicated  that  ELSIE  extended  upward  through  the 
40,000  FT  LEVEL  A  FEW  HOURS  BEFORE  PASSING  ACROSS  THE  S  TIP  OF 
Taiwan.  The  typhoon  moved  495  mi  during  the  2  days  and  18  hours 
THAT  WARNINGS  WERE  ISSUED  AT  AN  AVERAGE  SPEED  OF  7.5  KTS  OR  180  Ml 
PER  DAY.  ELSIE  MOVED  AT  A  MINIMUM  SPEED  OF  4  KTS  BETWEEN  121800Z 
AND  131200Z;  AT  A  MAXIMUM  SPEED  OF  15  KTS  BETWEEN  141800Z  AND 
150600Z,  AND  HAD  A  MAXIMUM  SURFACE  WIND  SPEED  OF  80  KTS  BETWEEN 
121800Z  AND  131200Z. 

ELSIE  CAUSED  DAMAGE  ON  TAIWAN  AND  THE  ASIATIC  MAINLAND.  STRONG 
WINDS  AND  HEAVY  RAINS  CAUSED  SOME  CROP  DAMAGE,  LOSS  OF  SEVERAL  POWER 
LINES,  AND  LEFT  345  PERSONS  HOMELESS.  ThE  PINGTUNG  AREA  WAS  HARDEST 
HIT  AND  ONE  MAN  WAS  REPORTED  DROWNED  THERE.  ONE  TAIWANESE  MAN  WAS 
ALSO  REPORTED  DROWNED  WHEN  HE  ATTEMPTED  TO  CROSS  A  SWOLLEN  STREAM 
AND  FELL  INTO  THE  WATER  NEAR  HIS  HOME  IN  JUALIEN.  INFORMATION  IS 
NOT  AVAILABLE  CONCERNING  DAMAGE  ON  THE  ASIATIC  MAINLAND. 
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LAND  RADAR  AND  AIRCRAFT  FIXES  -/TYPHOON  ELSIE 


FIX 

NOt 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

HND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

fOC) 

EYE  CHARACTER isf ICS 

1 

1208I0Z 

20.7N 

123.2E 

VW1-R-10 

... 

DIA  70MI 

2 

122245Z 

21 .3N 

122.7E 

56-P-04 

100 

75 

9680 

986 

13/13 

NOT  DEFINED  ON  RADAR 

3 

130330Z 

21. 5N 

122. IE 

56-P-03 

75 

40 

9420 

974 

16/11 

CIRC  35MI  DIA  POORLY  DEFINED 

4 

130930Z 

21. 6N 

121. 6E 

56- P-03 

100 

60 

9430 

975 

16/16 

ELLIP  DIA  18MI  SSW-NNE  &  10MI 
HNW-ESE  HALL  CLDS  ALL  QUADS 

5 

131530Z 

21. 7N 

121. IE 

VM1-R-02 

**** 

DIA  45MI  SPIRAL  BANDS  160Mi 
DIA  ALL  QUADS  EXCEPT  NE 

6 

132200Z 

22. IN 

120.7E 

56-P-01 

90 

*60 

*18500 

— 

*01/01 

DIA  30MI 

7 

’140406z 

22. ON 

119.2E 

56- P-05 

•PM* 

*60 

9840 

986 

12/11 

DIA  40MI 

8 

140937Z 

22.0N 

119.5E 

56-P-15 

25 

35 

9860 

990 

11/11 

NOT  WELL  DEFINED  NO  HALL  CLDS 

9  141610Z 

«500MB  DATA. 

22.0N 

119.5E 

VW1-R-U 

NO  EYE  VISIBLE  NORTH  SEMICIRC 
APPEARS  CLEAR. 

TYPHOON  ELSIE  12-15  JULY  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT.  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

121200Z 

20. 8N 

123.1 E 

121800Z 

21. 2N 

122.7E 

130000Z 

21 .4N 

122. 3E 

130600Z 

21. 6N 

121 .8E 

131200Z 

21 .7H 

121 .4E 

290-164 

131800Z 

21. 8N 

120. 9E 

286-196 

140000Z 

22. 2N 

120. 5E 

042-23 

140600Z 

22.2N 

119. 8E 

339-44 

141200Z 

21. 9N 

119. IE 

348-34 

288-265 

141800Z 

22.4N 

118.0E 

119-31 

283-260 

150000Z 

22.9H 

116.4E 

121-62 

076-89 

150600Z 

23.9N 

115.1E 

124-118 

105-79 

AVERAGE 

24  HOUR  ERROR 

84  Ml 

AVERAGE 

48  HOUR  ERROR 

173  Ml 
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F.  TYPHOON  HELEN  (270600Z  JULY  -  031800Z  AUGUST  1961) 

A  SMALL  LOW  BOUNDED  BY  A  1006, MB  ISOBAR  WAS  NOTED  AT  8, OH  150,0E 
ON  THE  210600Z  SURFACE  CHART.  THIS  CIRCULATION  MOVED  W  AND  PASSED 
150  Ml  S  OF  Guam  just  after  221800Z,  and  then  passed  into  the  large 
TROUGH  THAT  EXTENDED  FROM  THE  ASIATIC  MAINLAND  INTO  THE  PACIFIC  OCEAN 
TOWARD  Guam.  The  trough  then  intensified  and  a  closed  circulation 
FORMED  THAT  WAS  FIRST  OBSERVED  ON  THE  251200Z  SURFACE  CHART.  Th I S 
CIRCULATION  DEEPENED  AND  FINALLY  BECAME  TYPHOON  HELEN.  THE  FIRST 
WARNING  WAS  ISSUED  AT  270600Z  CLASSIFYING  HELEN  AS  A  STORM  BASED  ON 
WEATHER  RECONNAISSANCE.  HELEN  BECAME  A  TYPHOON  AT  280000Z,  CONTINUED 
MOVING  SLOWLY  NNW  TO  NEAR  28.0N  AND  129. 8E  WHERE  IT  LOOPED  AND  THE 
SURFACE  WIND  SPEEDS  DECREASED  FROM  80  KTS  TO  45  KTS.  THE  LOOP 
OCCURRED  AROUND  AMAMI-O-ShI MA  (47909),  THUS  WITH  RECONNAISSANCE  AND 
THE  LAND  STATION,  SUFFICIENT  DATA  WAS  AVAILABLE  TO  RECORD  THE  DIREC¬ 
TION  AND  SPEED  OF  MOVEMENT.  THE  CYCLONIC  LOOP  WAS  20  BY  40  Ml, 
ORIENTED  WNW,  AND  REQUIRED  ABOUT  24  HOURS  TO  COMPLETE.  UPON  COM¬ 
PLETION  OF  THE  LOOP,  HELEN  CONTINUED  ALONG  A  NNW  TRACK  MISSING  KYUSHU 
BY  MOVING  35  Ml  TO  THE  W.  ThE  TROPICAL  STORM  PASSED  ONTO  KOREA  AT 
021600Z  ABOUT  60  Ml  WSW  of  Pusan,  moved  up  the  peninsula,  turned  to 
the  NE  and  departed'  the  coast  45  mi  SE  of  Wonsan  at  about  the  time 
OF  THE  LAST  WARNING,  031800Z.  HELEN  DID  NOT  REGAIN  ITS  INTENSITY 
AFTER  LOOPING,  BUT  CONTINUED  TO  SLOWLY  WEAKEN  AND  BECAME  A  TROPICAL 
DEPRESSION  AT  030000Z. 

The  SYNOPTIC  situation  relating  to  Typhoon  HELEN  can  best  be 
INDICATED  BY  DESCRIBING  THE  500  MB  SPACE  MEAN  CHART  AND  THE  MOVEMENT 
OF  THE  ASSOCIATED  ANTICYCLONE  NE  OF  HELEN  DURING  ITS  LIFE  CYCLE.  A 
SIMILAR  situation  OCCURRED  WITH  SEVERAL  OTHER  CYCLONES  AND  WILL  BE 
REFERRED  TO  IN  THE  NARRATIVE  OF  OTHER  TYPHOONS.  THIS  DESCRIPTION 
ALSO  SATISFIES  THE  ACTIVITY  THAT  TRANSPIRED  AT  THE  200  MB  LEVEL  DUR¬ 
ING  THIS  TIME  INTERVAL.  At  THE  TIME  OF  ISSUE  OF  THE  FIRST  WARNING 
ON  HELEN,  AN  ANTICYCLONE  EXISTED  NEAR  35N  1 50E  WITH  A  TROUGH  OVER 
THE  Asiatic  mainland  roughly  along  110E.  By  280000Z  the  anticyclone 
had  moved  slightly  E  to  32N  157E.  Twenty-four  hours  later  a  westerly 
MOVEMENT  COMMENCED  AND  CONTINUED  UNTIL  THE  ANTICYCLONE  REACHED  30N 
134E  AT  040000Z.  A  small  ridge  of  varying  intensity  existed  in  the 
South  China  Sea  during  this  period  of  time,  HELEN  moved  slightly  H 

OF  N  AS  IT  PASSED  AROUND  THE  WESTERN  SIDE  OF  THE  PACIFIC  ANTICYCLONE 
E  OF  Japan. 

With  the  exception  of  the  loop,  HELEN  created  no  forecast  prob¬ 
lems  OF  AN  UNUSUAL  NATURE,  ThE  TWO  TYPHOONS,  HELEN  AND  IDA,  BETTER 
KNOWN  AS  THE  TWINS,  CREATED  FORECAST  DIFFICULTIES  THAT  WILL  BE  DIS¬ 
CUSSED  IN  THE  IDA  NARRATIVE. 

Typhoon  HELEN  traveled  1195  mi  in  7  and  one  half  days  at  an 
AVERAGE  SPEED  OF  6,6  KTS  OR  159  Ml  ‘PER  DAY,  FROM  FIRST  TO  LAST  WARN¬ 
ING,  The  minimum  speed  was  2  kts  between  301200Z  and  301800Z;  the 
MAXIMUM  SPEED  WAS  12  KTS  BETWEEN  020000Z  AND  021200Z,  ThE  MAXIMUM 
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SURFACE  WIND  WAS  90  KTS  BETWEEN  290600Z  AND  291200Z. 

Amami-O-Shima  and  other  islands  nearby  were  the  only  areas 

AFFECTED  BY  HELEN,  EVEN  THOUGH  THE  TYPHOON  WAS  NEAR  KYUSHU  AND  EVEN¬ 
TUALLY  PASSED  ONTO  KOREA.  TKE  TYPHOON  IS  REPORTED  TO  HAVE  INUNDATED 
ABOUT  2,000  HOUSES,  CAUSED  TWO  DEATHS  AND  SEVERAL  INJURIES  ON  THESE 
ISLANDS  JUST  S  OF  KYUSHU. 
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27  JUlLY-03  AUGUST  1961 


L«9«nd 


O 

963 


+301 


!6  HR  BEST  TRACK  POSITS 

Air'cr^fV  or  land'  rXd/ s 


,R  FIX 


4  SPEED 


140” 


INTENSITY’ 


a;o. 


CHICHI  JIMA 


i?5  IW(Pj|Pa  O 

-L.Z6/OOZ 


TYPHOON  0| 
TROPICAL 

^oi!imAti'ye 


R  TROPICAL  STORM 
DEPRESSION 

s^a^e' 


-(20“l - 1- 


+-+— 4- 


27/062 


O 

I3t 


-+— F20"f-  -i- 


-!-+ 


2fi*N 


00 

oi 


BEST  TRACK 
TYPHOON  HELEN 
BLOWUP 

30/0000Z  TO  3I/I800Z  JULY  1961 


\-26*H — r- - \ 


SPEED 

30/OOOOZ  TO  30/0600Z  10  KTS 
30/0600Z  TO  30/1200Z  3  KTS 
30/1 200Z  TO  30/1 800Z  2  KTS 
30/1 800Z  TO  31/OOOOZ  4  KTS 
31/OOOOZ  TO  31/0600Z  5  KTS 
31/0600Z  TO  31/1800Z  i4  KTS 

INTENSITY 

30/0000Z  TO  30/0600Z  70  KTS 
30/0600Z  TO  30/1 800Z  50  KTS 
30/1 800Z  T0.31/1800Z  45  KTS 


LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  HELEN 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&.  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

ro 

EYE  CHARACTERISTICS 

1 

270632Z 

21. IN 

131 .5E 

VW1-P-02 

45 

— 

990 

DIA  15  Ml 

2 

272200Z 

22.7N 

131 .5E 

56- P-07 

70 

50 

9880 

992 

16/11 

CIRC  DIA  50MI 

3 

280500Z 

23.5N 

131 .5E 

VH1-R-02 

Mi... 

— 

ELLIP  8X12  Ml 

4 

280657Z 

23.3N 

131 .4E 

VW1-R-03 

... 

—  ^  — 

— - 

— 

CIRC  DIA  18MI 

5 

280900Z 

23.4N 

131 .3E 

56-P-04 

75 

45 

9700 

987 

16/13 

CIRC  DIA  40MI  OPEN  NE 

6 

281530Z 

24. IN 

131. 3E 

VW1-R-05 

DIA  27MI  OPEN  S 

7 

282200Z 

24. 4N 

131 .2E 

56- P-00 

70 

60 

9480 

978 

17/14 

OPEN  W  DIA  25MI 

8 

290330Z 

26. ON 

131 .3E 

56- P-01 

75 

60 

9570 

979 

16/14 

CIRC  20Mi  DIA 

9 

290900Z 

25. 3N 

131 .0£ 

56-P-05 

80 

65 

9370 

971 

17/12 

CIRC  20MI  DIA  OPEN  SE  TO  S 

10 

291335Z 

26. 3N 

130. 8E 

VW1-R-04 

— 

— 

— 

DIA  27MI 

11 

291830Z 

2o»oN 

1 00  •  OE 

LNU/KUK 

12 

292200Z 

27.3N 

130.3E 

56-P-01 

100 

65 

9510 

976 

19/15 

CIRC  WELL  DEFINED  WALL  CLDS 

13 

300145Z 

27. 8N 

130.0E 

56- P-03 

100 

70 

9490 

19/14 

CIRC  40MI  DIA  WELL  DEFINED 

14 

300400Z 

28. ON 

129. 8E 

56- P-01 

100 

75 

9490 

976 

18/14 

CIRC  30MI  DIA 

15 

301600Z 

28.4N 

129.0E 

VW1-R-05 

... 

— 

— 

WELL  DEFINED  EYE 

16 

302230Z 

28.  IN 

129.4E 

56- P- 1/2 

40 

30 

9890 

986 

.12/10 

CIRC  50MI  DIA  OPEN  E-S 

17 

310330Z 

27. 9N 

129.9E 

56- P- 1/2 

30 

9890 

982 

15/13 

CIRC  DIA  50MI 

18 

310600Z 

28.0N 

130.4E 

56- P- 1/2 

65 

40 

9910 

987 

17/13 

CIRC  DIA  50MI 

19 

311445Z 

29.0N 

129.5E 

VW1-P-20 

— * 

•SWM 

40MI  DIA  NO  WALL  CLDS 

29 

312155Z 

29.1  N 

130.0E 

56- P-02 

40 

30 

9890 

986 

13/12 

POORLY  DEFINED 

21 

010854Z 

29.2N 

130.5E 

USN-R-01 

'  .1— » 

3  Ml  DIA  WALL  CLDS  ALL  QUADS 

22 

010930Z 

29.8N 

128. 5E 

56- P-05 

30 

40 

9920 

988 

14/13 

POORLY  DEFINED 

LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  HELEN  fCONT»D) 


FIX 

NOf 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&.  ACCY 

MAX 

SFC 

WNO 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

(OC) 

EYE  CHARACTERISTICS 

23 

24 

011200Z 
0121 30Z 

30.1N 

31  .4N 

130.4E 
129. IE 

USN-R-02 

56-P-02 

DIA  4  Ml 

VERY  DIFFUSE 

25 

— 

9810 

983 

15/11 

25 

020930Z 

33.2N 

127.9E 

56-P-05 

30 

30 

9770 

985 

14/12 

CIRC  10  Ml  OIA 

TYPHOON  HELEN  27  JUL-03  AUG  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT.  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

270600Z 

21. 5N 

131 .3E 

271200Z 

22. IN 

131 .4E 

271800Z 

22. 5N 

131 .6E 

— — — 

280000Z 

22. 8N 

131 .7E 

280600Z 

23.3N 

131 .6E 

254-127 

281200Z 

23. 7N 

131 .5E 

269-133 

281800Z 

24. 2H 

131 .4E 

260-52 

290000Z 

24. 6N 

131 .3E 

125-46 

290600Z 

25.3M 

131. IE 

115-41 

268-212 

291200Z 

25.9N 

130. 8E 

350-70 

270-210 

291800Z 

26. 7H 

130. 5E 

345-110 

218-75 

300000Z 

27.6N 

130. IE 

335-100 

206-54 

300600Z 

28. 3N 

129.4E 

125-78 

194-67 

301200Z 

28. 3N 

129.2E 

080-83 

148-170 

301800Z 

28.1  N 

129.2E 

170-130 

144-138 

310000Z 

27. 9N 

129.6E 

165-210 

295-56 

310600Z 

28.2N 

130. IE 

154-230 

164-156 

311200Z 

28. 6N 

130.2E 

150-300 

164-185 

311800Z 

29. ON 

130. 3E 

112-110 

155-462 

010000Z 

29.4N 

130. 2E 

068-127 

158-481 

010600Z 

29. 8N 

130. IE 

210-50 

146-358 

011200Z 

30. 2N 

130, OE 

348-68 

148-467 

01 1800Z 

30.9N 

129.7E 

257-145 

109-257 

020000Z 

31 .8N 

129.2E 

251-178 

234-200 

020600Z 

32. 9N 

128.7E 

215-78 

221 r 169 

021200Z 

34. IN 

128. IE 

230-153 

210-175 

021800Z 

35.  IN 

127.8E 

118-70 

224-280 

030000Z 

36  .ON 

127.4E 

128-88 

236-335 

030600Z 

36. 9N 

127. 2E 

088-130 

256-130 

031200Z 

37. 9N 

127.6E 

067-108 

260-167 

031800Z 

38. 7N 

128.3E 

053-185 

066-123 

AVERAGE  24  HOUR  ERROR  119  Ml 
AVERAGE  48  HOUR  ERROR  214  Mi 
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G.  TYPHOON  IDA  (2806002-31 1800Z  JULY  1961) 

Typhoon  IDA  originated  to  the  E  of  HELEN  in  the  trough  that 

EXTENDED  FROM  THE  ASIATIC  MAINLAND.  ThE  LOW  FIRST  APPEARED  ON  THE 
SURFACE  CHART  NEAR  21 N  144E,  ABOUT  650  Ml  E  OF  HELEN  AT  260600Z.  The 
CIRCULATION  SLOWLY  DRIFTED  TOWARD  IWO  JiMA  AND  GAVE  LITTLE  INDICATION 
OF  SIGNIFICANT  INTENSITY.  THE  FEW  WINDS  AVAILABLE  HAD  A  STRENGTH 
VARYING  FROM  5  TO  20  KTS.  AT  ABOUT  280500Z,  FUCHU  AlR  FORCE  WEATHER 
Central  advised  JTWC  of  a  ship  report  and  aircraft  report  that  indi¬ 
cated  SURFACE  winds  IN  EXCESS  OF  40  KTS.  ThE  FIRST  WARNING  WAS 
ISSUED  ON  IDA  AS  A  TROPICAL  STORM  BASED  ON  THIS  DATA.  ThE  LIFE  OF 
THE  "twins”  (HELEN- IDA)  commenced  with  this  warning;  IDA  became  a 
TYPHOON  AT  290000Z,  ABOUT  125  Ml  SE  of  Iwo  Jima  and  passed  within  20 
Ml  OF  that  island  TO  THE  NE.  ThE  LOWEST  SLP  WAS  RECORDED  BY  I WO  JiMA 
AS  985.5  MB  AT  291030Z.  Surface  winds  reached  35  kts  with  gusts  to 
57  KTS  AT  1112Z.  These  winds  occurred  after  the  center  passed  and 
WERE  FROM  THE  WNW.  THE  SURFACE  WINDS  WERE  OF  LEAST  INTENSITY  AROUND 
THE  TYPHOON  IN  THE  LEFT  SEMICIRCLE  AND  STRONGEST  IN  THE  RIGHT  FRONT 
QUADRANT,  INDICATED  BY  SURFACE  AND  RECONNAISSANCE  REPORTS,  THEREFORE 

two  Jima  had  comparatively  light  winds  with  the  typhoon  passage. 

IDA  CONTINUED  TO  INTENSIFY  UNTIL  300000Z  AND  THEN  BEGAN  TO  DISSI¬ 
PATE,  PROBABLY  DO  TO  ITS  PROXIMITY  TO  HELEN.  ThE  TYPHOON  MOVED  ON  A 
TRACK  GENERALLY  NW  UNTIL  AFTER  301800Z,  THEN  TURNED  WESTWARD  THEN  WSH 
TO  THE  H  OF  HELEN,  At  311800Z,  the  time  of  the  last  warning,  IDA  was 
IMBCOOEO  IN  THE  CIRCULATION  OF  HELEN  AND  APPEARED  TO  BE  NO  LONGER  A 
SEPARATE  CLOSED  CIRCULATION.  OF  THE  TWINS,  IDA  WAS  THE  WEAKER  ONE 
WHOSE  MOVEMENT  APPEARED  TO  BE  PARTIALLY  CONTROLLED  BY  HELEN.  AS  IDA 
APPROACHED  HELEN  THE  EFFECT  UPON  IDA  BECAME  MORE  SIGNIFICANT.  AT 
290000Z,  IDA  AND  HELEN  were  about  670  mi  apart  and  IDA  was  intensi¬ 
fying,  By  300000Z  the  two  typhoons  were  455  mi  from  each  other  and 
IDA  was  weakening  even  though  general  atmospheric  conditions  were 

SUITABLE  FOR  FURTHER  INTENSIFICATION  WITH  THE  EXCEPTION  OF  THE 

PRESENCE  OF  HELEN.  By  310000Z  IDA  was  230  mi  from  HELEN  and  was 

imbedded  in  THE  CIRCULATION  OF  HELEN.  IT  SHOULD  BE  NOTED  THAT  BOTH 
CIRCULATIONS  ACHIEVED  MAXIMUM  INTENSITY  WHILE  ABOUT  570  Ml  APART  AT 
ABOUT  THE  SAME  TIME  (HELEN,  90  KTS  290600Z-291 200Z,  IDA,  80  kts 
291200Z-300000Z),  then  commenced  dissipating  as  the  two  approached 
EACH  other, 

IDA  WAS  INFLUENCED  BY  THE  HIGH  PRESSURE  CELL  MOVING  WESTWARD  AS 
DESCRIBED  IN  THE  HELEN  NARRATIVE.  ThE  FuJIWHARA  EFFECT  WAS  CLASSICAL, 
RESULTING  IN  THE  DISSIPATION  AND  PARTIAL  CONTROL  OF  THE  MOVEMENT  OF 

IDA. 


The  FORECAST  PROBLEMS  AND  FORECAST  ERRORS  (250  Ml  FOR  11  FORE¬ 
CASTS  OF  24  HOURS,  397  Ml  FOR  7  OUTLOOKS  OF  48  HOURS)  WERE  GREATER 
ON  THIS  TYPHOON  THAN  ANY  OTHER  OF  THE  SEASON,  ThE  FUJIWHARA  EFFECT 
WAS  IGNORED,  EVEN  THOUGH  IT  WAS  SUGGESTED  BY  FAFWC,  AND  A  CONTINUOUS 
ATTEMPT  TO  FORECAST  THE  TYPHOON  TO  JHE  RIGHT  OF  ITS  TRACK  WAS  MADE, 
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WITH  RCCURVATURE  OR  WITH  THE  EXPECTATION  THAT  HELEN  AND  tOA  WOULD 
MOVE  FURTHER  APART,  WITH  THE  LATTER  STRIKING  JAPAN. 

IDA  TRAVELED  1090  Ml  AT  AN  AVERAGE  SPEED  OF  13  KTS  IN  THE 
THREE  AND  ONE  HALF  DAYS  THAT  WARNINGS  WERE  ISSUED.  THE  MINIMUM 
SPEED  WAS  6  KTS  BETWEEN  260600Z  AND  281200Z.  ThE  MAXIMUM  SPEED 
WAS  20  KTS  BETWEEN  301800Z  AND  310000Z.  THE  MAXIMUM  SURFACE  WIND 
SPEED  WAS  80  KTS  BETWEEN  291200Z  AND  300000Z. 

IDA  CREATED  GREATER r THAN  NORMAL  RAINFALL  AS  IT  APPROACHED 

Kyushu,  and  no  extensive  damage  reports  to  populated  areas  were 
received*  The  possibility  of  shipping  damage  exists  but  is  unknown. 
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LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  IDA 


FIX 

NO, 

TIME 

LAT- 

LONG. 

UNIT 
METHOD 
&.  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

rc) 

EYE  CHARACTERISTICS 

1 

282340Z 

23. 8N 

143.4E 

56- P-03 

90 

45 

..— 

18/12 

40MI  DIA  WALL  CLDS 

WELL  DVLPO 

2 

290800Z 

24. 4  N 

142. 2E 

56- P-00 

70 

70 

9560 

990 

17/12 

CIRC  25MI  DIA  OPEN 

NE 

3 

291620Z 

25. 5N 

140.0E 

VW1-R-10 

.... 

DIA  30MI 

4 

2921 35Z 

26. IN 

139.3E 

56- P-05 

80 

70 

9850 

997 

16/16 

NOT  DEFINED  OPEN  N 

5 

300251 Z 

27. 5N 

138. 3E 

56-P-07 

95 

9900 

990 

17/17 

NOT  DEFINED 

6 

300830Z 

28. 7N 

136. 8E 

56-P-02 

80 

45 

9950 

992 

17/09 

NOT  WELL  DEFINED 

7 

X1445Z 

29.7N 

135.5E 

VH1-R-20 

... 

... 

— — 

... 

POORLY  DEFINED 

8 

3021 30Z 

30. 8N 

133.3E 

56- P-01 

50 

35 

9960 

993 

15/09 

POORLY  DEFINED 

9 

310300Z 

31  .ON 

131  .6E 

56-P-02 

45 

37 

9940 

992 

14/09 

POORLY  DEFINED 

TYPHOON  IDA  28-31  JULY  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT.  LONG- 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

280600Z 

21 .9N 

144. 5E 

281200Z 

22. 5N 

144.2E 

281800Z 

23.  IN 

143. 8E 

290000Z 

23.7N 

143.2E 

290600Z 

24. 3N 

142.4E 

157-78 

291200Z 

25.3,N 

141. 3E 

143-120 

291800Z 

25. 9N 

139. 9E 

112-135 

300000Z 

26. 8N 

138. 7E 

093-180 

300600Z 

28. ON 

137. 4E 

101-232 

128-297 

301200Z 

29.3N 

136.3E 

117-247 

128-358 

301800Z 

30. 4N 

134. 7E 

130-103 

110-317 

310000Z 

30.9N 

132.4E 

089-195 

092-390 

310600Z 

30. 7N 

130. 4E 

060-420 

093-470 

31 1200Z 

30. 3N 

128. 7E 

031-485 

081-530 

3il800Z 

30.0N 

128. OE 

031-560 

059-415 

AVERAGE  24  HOUR  ERROR  250  Ml 
AVERAGE  48  HOUR  ERROR  397  Ml 


H.  TYPHOON  JUNE  ^010600Z-081200Z  AUGUST  1961) 


After  THE  departure  of  IDA  from  the  stage,  while  HELEN  was  perform¬ 
ing  A  last  scene  by  the  wings,  JUNE  APPEARED  ON  THE  CENTER  OF  THE  STAGE 
AS  IF  FROM  MID  AIR  ON  THE  301200Z  SURFACE  STREAMLINE  CHART  AS  A  CLOSED 
VORTEX  NEAR  ION  141E,  COMPARATIVELY  LIGHT  WINDS  AROUND  THE  CYCLONE  AND 
PREOCCUPATION  WITH  HELEN  AND  IDA  CAUSED  RECONNAISSANCE  TO  ARRIVE  AFTER 
INTENSIFICATION  COMMENCED,  FOR  THE  RECONNAISSANCE  AIRCRAFT  REPORTED  50 
KT  WINDS  AT  010430Z  AND  THE  FIRST  STORM  WARNING  ON  JUNE  WAS  ISSUED  AT 
010600Z  WITH  50  KT  SURFACE  WINDS  NEAR  THE  CENTER. 

JUNE  PROGRESSED  TO  THE  NM  AT  SPEEDS  OF  6  TO  9  KTS  AND  INTENSIFIED 
YO  TYPHOON  STRENGTH  AT  020000Z,  HAD  SURFACE  WINDS  OF  75  KTS  BY  021800Z, 
THEN  THE  SURFACE  WIND  SPEEDS  DECREASED  BY  5  KTS  12  HOURS  LATER,  AT 
041200Z  THE  SURFACE  WIND  SPEEDS  DECREASED  TO  MINIMUM  TYPHOON  STRENGTH, 
REMAINED  THERE  FOR  12  HOURS  THEN  THE  TYPHOON  BEGAN  A  SLOW  INTENSIFICATION 
OF  SURFACE  WIND  SPEEDS  TO  100  KTS  BY  060600Z.  THIS  WEAKENING,  THEN  RE¬ 
INTENSIFICATION  CORRESPONDS  TO  THE  PARTIAL  DISSIPATION  OF  THE  WALL  CLOUDS, 
THE  RISE  IN  SURFACE  PRESSURE  AND  700  MB  HEIGHT,  AND  THE  DECREASE  OF  700 
MB  TEMPERATURE  ON  4  AUGUST,  ThE  LAPSE  RATE  BETWEEN  THE  700  MB  LEVEL  AND 
THE  SURFACE  INDICATED  A  SUBSTANTIAL  COOLING  AT  ALL  LEVELS  WITH  A  MAXIMUM 
OF  7°  TO  8°  C  FROM  THE  860  TO  THE  800  MB  LEVEL  BETWEEN  040900Z  AND  042300Z 
An  average  of  the  temperature  for  every  50  mb  from  the  surface  THROUGH  700 
MB  AT  040900Z  INDICATED  A  TEMPERATURE  OF  23,2®  C  AND  A  DEW  POINT  OF  16,6® 
C.  At  042300Z  the  temperature  average  by  the  same  method  was  19.0®  C  and 
THE  DEW  POINT  WAS  18.5®  C,  THE  SOUNDING  WARMED  UP  AGAIN  AFTER  050400Z, 
There  appeared  to  be  substantial  subsidence  resulting  in  a  dry  lapse  rate 
from  763  TO  700  mb  at  040400Z,  no  subsidence  at  042300Z,  then  the  060400Z 

SOUNDING  INDICATED  SUBSIDENCE  TO  BE  WELL  ESTABLISHED  AND  SUFFICIENT  TO 
PRODUCE  A  DRY  LAPSE  RATE  FROM  745  TO  700  MB, 

JUNE  PASSED  35  Ml  TO  THE  NE  OF  BATAN  ISLAND  AT  052200Z.  The  U,  S, 
Coast  Guard  Loran  Station  at  Batan  provided  special  observations  during 
THIS  period,  and  REPORTED  A  MINIMUM  SEA  LEVEL  PRESSURE  OF  996,7  MB,  AND 
A  SURFACE  WIND  OF  ONLY  12  KTS  WITH  NO  GUSTS,  REVEALING  THAT  THE  LEFT 
QUADRANT  AND  MOST  OF  THE  LEFT  SEMICIRCLE  OF  JUNE  WAS  VERY  WEAK, 

A  WEAK  SECONDARY  LOW  APPEARED  IN  THE  TAIWAN  STRAITS  JUST  W  OF 

THE  N  TIP  OF  Taiwan  on  the  060600Z  surface  chart.  This  circulation 
WAS  NEVER  WELL  DEFINED  NOR  DID  IT  APPEAR  TO  HAVE  PRESSURES  BELOW  1000 
MB  OR  SURFACE  WINDS  IN  EXCESS  OF  30  KTS  WHILE  A  SECONDARY  LOW,  THE 
TYPHOON  BEGAN  WEAKENING  AT  061200Z  WHILE  40  Ml  FROM  LAND  AND  ABOUT 
65  Ml  FROM  POINT  OF  PASSAGE  OVER  THE  TAIWAN  COAST,  THE  RUGGED 
TERRAIN  OF  THE  ISLAND  EFFECTIVELY  DESTROYED  THE  WIND  CIRCULATION. 
leaving  only  a  weak  SKELETON  OF  JUNE  BY  THE  TIME  IT  PASSED  OVER  THE 
COAST  AT  070300Z  WITH  SURFACE  WIND  SPEEDS  OF  50  KTS  THAT  QUICKLY 
reduced  to  25  KTS,  JUNE  moved  into  the  SECONDARY  LOW  ON  THE  M  SIDE 
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OF  Taiwan  between  071200Z  and  071800Z,  The  cyclone  developed  35  kt 
SURFACE  WINDS  WHILE  OVER  THE  STRAITS  OF  TAIWAN,  PASSED  OVER  THE 
COAST  OF  THE  ASIATIC  MAINLAND  AT  080000Z,  AND  HAD  WINDS  OF  ONLY  10 
TO  15  KTS  WITH  A  SURFACE  PRESSURE  OF  SLIGHTLY  LESS  THAN  1000  MB  IN 
THE  CENTER  WHEN  THE  LAST  WARNING  WAS  ISSUED  AT  081200Z, 

JUNE  FORMED  TO  THE  S  OF  THE  RIDGE  LINE  WHICH  WAS  NEAR  30H  AT 
THE  200  MB  LEVEL.  AN  ANTICYCLONE  AT  THAT  LEVEL  WAS  AT  ION  173E, 

JUST  N  OF  Majuro,  which  extended  as  far  W  as  Guam.  JUNE  also  traveled 
AROUND  THE  S  AND  SU  SIDE  OF  A  SURFACE  ANTICYCLONE  AS  IT  APPROACHED 
Taiwan.  There  was  evidence  of  a  closed  cyclonic  circulation  over 
JUNE  ON  7-8  August  to  at  least  45,000  ft,  but  it  is  difficult  to  say 
WITH  ANY  assurance  THAT  THIS  CYCLONE  WAS  A  DIRECT  RESULT  OF  JUNE,  OR 
WHETHER  OTHER  GENERAL  CIRCULATION  FACTORS  WERE  INVOLVED. 

Twelve  land  radar  fixes  on  JUNE  provided  extremely  accurate 

POSITIONING  OF  THE  TYPHOON  DURING  THE  FEW  HOURS  PRIOR  TO  PASSING  OVER 
THE  COASTLINE  OF  TAIWAN. 

No  GREAT  DIFFICULTIES  WERE  INVOLVED  IN  FORECASTING.  ThE  TYPHOON 
FOLLOWED  THE  SINGLE  SPACE  MEAN  CHART  REASONABLE  WELL,  BUT  DID  NOT 
FOLLOW  THE  200  MB  FLOW  AFTER  3  AUGUST.  ThE  TRACK  MADE  BY  JUNE  SATIS¬ 
FIES  CLIMATOLOGY  QUITE  WELL,  AND  WITH  THE  EXCEPTION  OF  THE  SHORT 
PERIOD  OF  WEAKENING  ON  4  AUGUST  VERY  LITTLE  OF  AN  UNUSUAL  NATURE 
TRANSPIRED  WORTHY  OF  EXCEPTIONAL  NOTICE. 

JUNE  TRAVELED  1255  Ml  DURING  THE  7  DAYS  6  HOURS  THAT  WARNINGS 
WERE  ISSUED  AT  AN  AVERAGE  SPEED  OF  173  Ml  PER  DAY  OR  7.2  KTS.  THE 
SLOWEST  SPEED  OF  TRAVEL  WAS  3  KTS  BETWEEN  061800Z  AND  070000Z.  ThE 
FASTEST  RATE  OF  TRAVEL  WAS  11  KTS  BETWEEN  071200Z  AND  071800Z.  THE 
highest  SURFACE  WINDS,  100  KTS,  EXISTED  BETWEEN  060600Z  AND  061200Z, 

The  TYPHOON  delivered  the  FULL  BRUNT  OF  ITS  FORCE  TO  TAIWAN  AND 
Orchid  Island,  just  E  of  the  S  tip  of  Taiwan.  Damage  is  unknown  on 
Orchid  Island,  however  the  typhoon  passed  directly  over  it.  JUNE 

DUMPED  21.6  INCHES  OF  RAIN  ON  SOUTHERN  TAIWAN,  TWENTY  PERSONS  WERE 
REPORTED  dead  IN  THE  KAOHSI UNG-TAITUNG  AREA,  AND  ABOUT  15,000  PEOPLE 
WERE  LEFT  HOMELESS.  ABOUT  5,000  ACRES  OF  LAND  WERE  FLOODED  ALONG 
THE  Love  River  which  overflowed  its  banks.  Landslides  blocked  high¬ 
ways  BETWEEN  TaITUNG  AND  HUALIEN.  ABOUT  30  PERCENT  OF  THE  TELEPHONES 
AT  KAOHSIUNG  were  OUT  OF  ORDER  AND  TWO  SMALL  FACTORIES  COLLAPSED 
UNDER  THE  FORCE  OF  WINDS  AND  RAIN.  ThE  CITY  OF  KaOHSIUNG,  HEAVIEST 

HIT  ON  Taiwan  when  the  Love  River  overflowed,  was  declared  an  emer¬ 
gency  AREA  AND  NATIONALIST  CHINESE  TROOPS  PERFORMED  RESCUE  WORK  THERE, 
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SOUNDING  A(DASHED)  0409002^  T  AND 
SOUNDING  B(SOLID)  042300Z,  T  AND 
NOTE:  THE  850MB  LEVEL,  SOUNDING  B  HAS  A 
©E  THAT  IS  4°C  WARMER  THAN  THE  CORRESPON¬ 
DING  LEVEL  FOR  SOUNDING  A. 


700MB 


800MB 


900MB 


1000MB 


SOUNDING  B (SOL ID)  042X0Z,  T  ONLY 
SOUNDING  C (DASHED)  050930Z,'T  ONLY 


LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  JUNE 


FIX 

NO, 

TIME 

LAT- 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

HND 

MIN 

SLP 

MBS 

EYE  CHARACTERISTICS 

1 

010430Z 

11. 7N 

133.8E 

VM1-P-05 

50 

... 

—  —  —  — 

990 

12/09 

DIA  45MI  OPEN  N-E 

2 

012200Z 

12.9N 

132,3E 

56- P-10 

60 

50 

10000 

992 

3 

020900Z 

14.3N 

131 .4E 

56-P-05 

80 

55 

9960 

987 

15/07 

CIRC  20MI  DIA 

4 

021530Z 

15.3N 

130.1E 

VM1-P-10 

50 

... 

988 

15/09 

DIA  35MI  OPEN  N-E 

5 

022200Z 

15.3N 

129. 6E 

56- P-10 

110 

60 

10090 

988 

15/09 

6 

0301 30Z 

15.4N 

129.1E 

56- P-10 

110 

60 

9980 

984 

15/11 

7 

030830Z 

16.4N 

128.4E 

56- P-05 

100 

60 

10060 

998 

14/03 

CIRC  20MI  DIA  WALL  CLO  SH 

8 

031630Z 

17.0N 

127. 3E 

VW1-R-U 

... 

NO  DEFINITE  EYE  DIA  50MI 

9 

032200Z 

17. 6N 

126. 8E 

56-P-05 

70 

50 

10030 

995 

14/09 

75MI  DIA  OPEN  N  &  NE 

10 

040330Z 

17.5N 

125. 8E 

56- P-02 

85 

50 

9980 

990 

15/00 

OPEN  N  &  NE 

11 

040845Z 

17.9N 

125.6E 

56- P-02 

100 

35 

10030 

993 

14/10 

CIRC  DIA  65MI  OPEN  N 

12 

041540Z 

18.1N 

125.2E 

VM1-R-10 

— — 

... 

ELL  IP  NH-SE  AXIS  35MI  LONG 

13 

042230Z 

18. 5N 

124, 5E 

56-P-02 

90 

50 

9900 

993 

12/11 

CIRC  35MI  DIA  WALL  CLOS  ALL 
QUADS 

14 

050400Z 

19.0N 

123.9E 

56- P-02 

95 

65 

9800 

988 

13/11 

CIRC  DIA  35MI 

15 

050930Z 

19.4N 

123.5E 

56- P-06 

80 

70 

9610 

981 

15/05 

CIRC  DIA  25MI 

16 

051530Z 

20.2N 

123.2E 

VW1-R-05 

... 

.... 

... 

. -* 

DIA  30MI 

17 

052300Z 

21 .2N 

122. 3E 

56- P-03 

65 

50 

9420 

973 

16/08 

CIRC  20MI  DIA  WELL  DEFINED 

MALL  CLDS 

T8 

0601 50Z 

21 .3N 

121. 9E 

56-P-01 

100 

70 

9250 

12/12 

CIRC  20MI  DIA 

19 

060400Z 

21. 5N 

121 .9E 

56- P-03 

100 

75 

9230 

964 

17/07 

CIRC  10MI  DIA 

20 

21 

060845Z 

06120QZ> 

22.0N 

22.2N 

121. 8E 
121. 6E 

56- P-05 

lnd/ror 

100 

100 

mmm 

9120 

961 

16/06 

WELL  DEFINED  CIRC  25MI  DIA 

LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  JUNE  fCONT*Dl 


UNIT 

MAX 

MAX 

MIN 

MIN 

700MB 

FIX 

METHOD 

SFC 

700MB 

700MB 

SLP 

T/To 

EEH 

TIME 

LAT- 

LONG. 

&  ACCY 

WNO 

WND 

HGT 

f°C)  EYE  CHARACTERISTICS 

22 

23 

24 

061800Z 

070000Z 

070600Z 

22.7N 

23.0N 

23.4N 

121 .5E 

121 .5E 
121 .4E 

lno/rdr 

lnd/ror 

lno/ror 

TYPHOON  JUNE  01-08  AUG  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION  24  HR.  ERROR  48  HR.  ERROR 


DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

010600Z 

11. 8N 

133.6E 

011200Z 

12. IN 

133.1E 

011800Z 

12. 5N 

132. 6E 

020000Z 

13. IN 

132.2E 

020600Z 

13.9N 

131. 7E 

238-73 

021200Z 

14. 6N 

131 .OE 

224-89 

021800Z 

15,0N 

130. 2E 

189-87 

030000Z 

15.4N 

129.3E 

158-76 

030600Z 

15. 8N 

128. 5E 

159-72 

232-120 

031200Z 

16. 6N 

128.0E 

049-33 

231-148 

031800Z 

17.3N 

127.5E 

327-93 

226-167 

040000Z 

17. 6N 

126. 5E 

047-31 

168-128 

040600Z 

17.7N 

125. 7E 

215-91 

189-107 

b41200Z 

18.0N 

125. 3E 

300-69 

214-84 

041800Z 

18.3N 

124. 8E 

325-90 

341-205 

050000Z 

18.6N 

124.4E 

003-53 

005-133 

050600Z 

19.2N 

123. 9E 

281-43 

089-56 

051200Z 

19.8N 

123.4E 

211-37 

096-103 

051800Z 

20.5N 

122. 9E 

330-63 

111-96 

060000Z 

21. IN 

122.3E 

157-50 

055-54 

060600Z 

21 .7N 

121. 8E 

187-35 

209-120 

061200Z 

22.2N 

121..6E 

193-98 

189-145 

061800Z 

22.7N 

121.5E 

255-75 

206-78 

070000Z 

23.0N 

121 .5E 

333-25 

229-74 

070600Z 

23.5N 

121 .4E 

340-129 

085-126 

071200Z 

24. 2N 

121 .2E 

338-151 

072-125 

071800Z 

24. 8N 

120.0E 

015-58 

288-150 

080000Z 

25.  IN 

119.2E 

049-76 

033-159 

0806007 

25.4H 

118. 6E 

048-108 

015-310 

081200Z 

25.6N 

118.4E 

045-130 

015-337 

AVERAGE  24  HOUR  ERROR  74  Ml 
AVERAGE  48  HOUR  ERROR  138  Ml 
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I.  TYPHOON  KATHY  (151000Z-180600Z  AUGUST  1961) 


The  first  known  observation  of  KATHY  was  made  by  a  USAF  weather 
OFFICER,  Andersen  AF6,  who  waS'  flying  as  navigator  on  a  C-54  enroute 
TO  Japan  from  Guam.  He  sent  the  following  report  to  JTHC:  "SPECIAL 
WX  REPORT  X  2340N  14240E  VERY  LARGE  TSTMS  X  50  NM  IN  DIAMETER  SFC 
WIND  EST  40  KTS  L/V  TURBULENCE."  The  report  arrived  at  150320Z;  the 
situation  was  examined  and  the  information  was  interpreted  to  be 
WEATHER  conditions  ASSOCIATED  WITH  TROPICAL  DEPRESSION  20,  THEN 
CENTERED  NEAR  18. 5N  139. 5E.  ThE  SIGNIFICANCE  OF  THE  REPORT  WAS 
REALIZED  WHEN  IWO  JiMA  REPORTED  STRONG  WINDS  AND  A  PRESSURE  OF  998.6 
MB  AT  150600Z.  This  report  was  very  late  in  arriving,  allowing 
KATHY  TO  PASS  Iwo  Jima  before  JTWC  became  aware  of  the  conditions 
THERE.  KATHY  WAS  ACTUALLY  TRAVELING  AROUND  TROPICAL  DEPRESSION  20. 

The  minimum  pressure  reported  at  Iwo  Jima  was  997.0  mb  at 
150730Z,  with  maximum  sustained  winds  of  42  kts  and  maximum  recorded 
gusts  of  61  KTS,  HOWEVER  THE  GUSTS  EXCEEDED  THIS  VALUE  AT  A  LATER 
TIME  BUT  POWER  FAILURE  PRECLUDED  RECORDING  THE  VALUE. 

The  first  warning  was  issued  on  KATHY  at  151000Z  as  a  storm. 

The  circulation  continued  to  intensify  until  winds  of  typhoon  strength 
WERE  AROUND  IT  AFTER  151800Z.  AS  IT  APPROACHED  KYUSHU,  THE  LAND 
EFFECT  DISRUPTED  THE  ASSOCIATED  WIND  FIELD  AFTER  170600Z.  THE  SURFACE 
WIND  SPEEDS  THEN  DECREASED  IN  INTENSITY  FROM  80  KTS  TO  60  KTS  AND  WERE 
ONLY  25  KTS  NEAR  THE  CENTER  AS  KATHY  PASSED  OVER  THE  KYUSHU  COAST  LINE 
SHORTLY  AFTER  171800Z.  THE  LAST  WARNING  WAS  ISSUED  AT  180600Z  WHILE 
KATHY  WAS  OVER  the  Island  of  Kyushu. 

KATHY  REMAINED  VERY  SMALL  IN  SIZE  THROUGHOUT  ITS  LIFE.  ThE  LAST 
CLOSED  ISOBAR  PROBABLY  DID  NOT  EXCEED  450  Ml  IN  DIAMETER  AT  ANY  TIME 
NOR  DID  THE  RADIUS  OF  30  KT  WINDS  EXTEND  BEYOND  A  150  Ml  RADIUS.  THE 
SMALL  SIZE  CREATED  ANALYSIS  DIFFICULTIES,  EVEN  AS  IT  APPROACHED  LAND. 

The  TRACK  OF  KATHY  approximately  paralleled  the  700  mb  flow,  and 
WAS  ALSO  TO  THE  S  THEN  SW  OF  A  500  MB  ANTI-CYCLONE  THAT  MOVED  WEST¬ 
WARD  SLIGHTLY  DURING  THE  LIFE  CYCLE  OF  THE  TYPHOON.  ThE  500  MB  AMD 
200  MB  RIDGE  LINES  WERE  BETWEEN  33N  AND  35N  AT  THIS  TIME.  ThE  WIND 
FLOW  AT  THE  200  MB  LEVEL  COULD  NOT  BE  USED  FOR  MORE  THAN  A  GENERAL 
GUIDE  TO  THE  DIRECTION  OF  MOVEMENT  OF  THE  TYPHOON.  A  FORECAST  USING 
THESE  WINDS  WOULD  HAVE  PREDICTED  THE  TYPHOON  TO  MOVE  N.  ThE  SINGLE 
SPACE  MEAN  CHART  WAS  AN  EXCELLENT  TOOL  TO  FORECAST  THE  DIRECTION  OF 
TYPHOON  MOVEMENT.  THE  TRACK  OF  KATHY  WAS  SIMILAR  TO  THAT  OF  IDA  OF 
ONLY  A  FEW  DAYS  BEFORE,  GEORGIA  OF  1955,  ALSO  FLOSSIE  AND  HELENE  OF 
1950  IN  BOTH  POSITION  AND  DIRECTION  OF  MOVEMENT.  THIS  TYPE  OF  TRACK 
IS  NOT  UNUSUAL  BUT  IS  RELATIVELY  RARE. 

KATHY  MOVED  FASTER  THAN  WAS  FORECAST  ON  THE  FIRST  FEW  WARNINGS. 
The  TYPHOON  continued  on  a  NW  track  and  SLOWED  DOWN,  BUT  THE,  WARNINGS 
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ON  THE  17th  and  18th  forecast  it  to  move  more  NNW  at  a  faster  rate 
OF  MOVEMENT,  THE  48  HOUR  OUTLOOK  WAS  ON  AM  AVERAGE  ONLY  164  Ml  IN 
ERROR  WHILE  THE  24  HOUR  FORECAST  WAS  180  Ml  IN  ERROR.  ThE  MILLER- 
Moore  24  hour  forecasts  were  more  accurate  than  the  warning  fore¬ 
casts, 

KATHY  TRAVELED  740  Ml  DURING  THE  2  DAYS  AND  20  HOURS  THAT  WARN¬ 
INGS  WERE  ISSUED  AT  THE  RATE  OF  261  Ml  PER  OAY^OR  AT  AN  AVERAGE 
SPEED  OF  10,9  KTS.  THE  TYPHOON  MOVED  AT  A  MINIMUM  SPEED  OF  6  KTS 
BETWEEN  170600Z  AND  180600Z  AND  AT  A  MAXIMUM  RATE  OF  SPEED  OF  16  KTS 
BETWEEN  151800Z  AND  160600Z.  KATHY  had  a  maximum  of  80  kt  surface 
WINDS  BETWEEN  161800Z  AND  170600Z. 

Damage  reports  were  not  received  by  JTWC^  however  possible  dam¬ 
age  COULD  HAVE  occurred  TO  SHIPPING,  THE  HIGH  WINDS  ASSOCIATED  WITH 
KATHY  did  create  a  power  outage  on  two  Jima  as  it  passed  that  island^ 

AND  OTHER  DAMAGE  MAY  HAVE  OCCURRED. 
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SINGTAO 


BEST  TR$ck^ 
lYPHOON  liATHY 
jS-18  AUGuir  WftI 


H — Fso" 


.®  . 
ogo  — 

CHICHI  JIMA 


115  IWO  JIMA 


Legend 

— t  T-  nofcK+^rrls  ^ 

.  -  A  aircraft  or  land  radar  fix 

*  SPEED  ,  . . 

»»  INTENSITY 

_ — typhoon  o^  tropical  STO  IM 
TROPICAL  DpRESSION 
0^.0__ £LO|  FORMfTiyE  - ^ 


SI 


LAND  RADAR  AND  AIRCRAFT  FIXES  ~  nPHOOH  KATHY 


FIX 

NOf 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

wnd 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

EYE  CHARACTERISTICS 

1 

150300Z 

23. 7M 

142. 7E 

USAF-P-U 

40 

mmtm 

50Nt  DIA 

2 

1519382 

25.3N 

139.2E 

VH1-P-30 

... 

30 

10544 

... 

13/- 

NO  WALL  CLDS 

3 

152230Z 

26. 6N 

138.2E 

56- P-05 

15 

14 

10190 

986 

11/10 

DIFFUSED  NO  WALL  CLDS 

4 

160830Z 

28. 9H 

136.4E 

56- P-03 

80 

40 

9940 

986 

18/- 

OPEN  S  HELL  DEFINED 

5 

162130Z 

30. 8H 

133.8E 

56-P-04 

no 

60 

9930 

980 

17/11 

CIRC  DIA  20MI  OPEN  S 

6 

170020Z 

31. IN 

133. 6E 

56-P-04 

100 

60 

1000 

18/— 

CIRC  40HI  DIA 

7 

170200Z 

31 .4N 

133.3E 

56-P-10 

85 

55 

9890 

988 

20/14 

CIRC  40MI  DIA 

p 

170600Z 

31 -5N 

132. 8E 

lnd/rdr 

9 

1  IV/V/wvAb 

170900Z 

31 .7N 

132.3E 

lnd/rdr 

••• 

mmm 

TYPHOON  KATHY  15-18  AUG  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

151000Z 

24. 6N 

140.7E 

151200Z 

24. 8N 

140. 2E 

151800Z 

25.9N 

139. IE 

160000Z 

27.2N 

138. IE 

160600Z 

28.4N 

136. 9E 

161200Z 

29.4N 

135.6E 

160-175 

161800Z 

30. 2N 

134. 3E 

160-184 

170000Z 

31. IN 

133.7E 

164-154 

170600Z 

31. 5N 

132.8E 

155-78 

171200Z 

31. 8N 

132. 2E 

013-167 

180-263 

171800Z 

32. 2N 

131 .7E 

005-176 

180-244 

180000Z 

32. 4  N 

131 .OE 

005-232 

163-109 

180600Z 

32.7N 

130. 3E 

010-275 

017-40 

AVERAGE  24  HOUR  ERROR  180  HI 
Average  48  hour  error  i64  mi 
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FORECAST  POSITS 
PHOON  Ki^THY 
-18  AU6USTJ98I 


24  MR  FORECAST  POSH’S 
6  HR  BEST  TRACK  POSITS 


J.  TYPHOON  LORNA  (201200Z-261200Z  AUGUST  1961) 

Several  days  before  the  first  warning  was  issued  on  LORNA 
(201200Z)  A  CONFUSION  OF  WEAK  VORTICES  EXISTED  OVER  THE  SOUTH  CHINA 
Sea  and  the  Philippine  Sea,  The  surface  pressure  gradient  was  rela¬ 
tively  FLAT  throughout  THE  AREA.  EASTERLIES  PERSISTED  OVER  THE  EN¬ 
TIRE  Philippine  Sea  and  equatorial  westerlies  extended  across  Indo¬ 
china  AND  THE  Philippines  toward  Guam  from  the  equator  to  15N.  This 
CONDITION  BEGAN  TO  MODIFY  RAPIDLY  ON  19  AUGUST  AND  THE  200000Z  SUR¬ 
FACE  CHART  DEPICTED  THREE  SIZEABLE  CYCLONES,  ONE  IN  THE  SOUTH  CHINA 
Sea,  ANOTHER  JUST  E  OF  THE  PHILIPPINES  NEAR  15N  131E  THAT  BECAME 
LORNA,  WITH  A  THIRD  CYCLONE  SITUATED  QUITE  CLOSE  TO  GUAM. 

Weather  reconnaissance  aircraft  that  investigated  the  center 

DID  NOT  INDICATE  A  WELL  ORGANIZED  SYSTEM  ON  THE  19th,  HOWEVER  THE 
FIX  MADE  ON  20  AUGUST  REPORTED  30  KT  SURFACE  WINDS  NEAR  THE  CENTER 
'WITH  AN  ORGANIZED  CLOUD  AND  PRESSURE  SYSTEM,  THUS  THE  FIRST  WARNING 
WAS  ISSUED  ON  LORNA  AS  A  TROPICAL  DEPRESSION  WITH  30  KT  SURFACE  WINDS. 
The  cyclone  intensified  at  the  rate  of  10  kts  per  6  hours,  became  a 
TYPHOON  AT  210600Z,  CHANGED  DIRECTION  FROM  NW  TO  W  THEN  SW,  AND  LOOPED 
WITHIN  48  HOURS  OF  THE  FIRST  WARNING.  ThE  LOOP  WAS  ABOUT  25  Ml  IN 
DIAMETER,  OCCURRING  BETWEEN  212100Z  AND  221200Z  AT  AN  AVERAGE  SPEED 
OF  4  KTS.  The  surface  winds  around  the  typhoon  increased  in  speed 
FROM  75  TO  90  kts  during  the  loop  and  continued  to  INTENSIFY  TO  A 
MAXIMUM  OF  120  KTS  AS  IT  MOVED  NW  TOWARD  TAIWAN.  LORNA  PASSED  45  Ml 
NE  OF  Batan  Island  at  241030Z,  caused  the  pressure  to  fall  to  a  mini¬ 
mum  OF  981.9  mb  and  created  winds  of  40  kts  with  gusts  to  65  kts, 

LORNA  BEGAN  WEAKENING  AFTER  241200Z  AND  BY  THE  TIME  IT  PASSED 
OVER  THE  COASTLINE  OF  TAIWAN  AT  242200Z  THE  SURFACE  WINDS  HAD  REDUCED 
TO  90  KTS.  The  terrain  effect  further  reduced  the  surface  WINDS  TO 
40  KTS  WHILE  OVER  LAND,  AFTER  THE  TYPHOON  PASSED  INTO  THE  STRAITS  OF 

Taiwan  at  250300Z,  the  surface  winds  increased  to  50  kts.  The  typhoon 
MOVED  INLAND  THIS  TIME. OVER  THE  ASIATIC  MAINLAND  AT  252100Z  WITH  SUR¬ 
FACE  WINDS  OF  ONLY  35  KTS.  ThE  CIRCULATION  QUICKLY  DISSIPATED,  PRO¬ 
DUCING  SURFACE  WINDS  OF  ONLY  20  KTS  BY  THE  TIME  OF  THE  FINAL  WARNING 

AT  261200Z. 

LORNA  DIO  NOT  FOLLOW  ANY  FLOW  PATTERN  THAT  WAS  DEPICTED  BY  THE 
STANDARD  LEVEL  CHARTS,  NOR  DIO  THE  SPACE  MEAN  FLOW  PATTERN  SATISFY 
THE  COMMON  DEFINITION  OF  A  "STEERING”  CHART,'  THE  500  MB  RIDGE  LINE 
WAS  AT  ABOUT  31 N,  THAT  OF  THE  200  MB  WAS  ABOUT  1  DEGREE  FURTHER  N, 

WITH  THE  700  MB  RIDGE  LINE  FALLING  UNDER  THAT  OF  THE  500  MB  CHART, 
LORNA  FORMED  UNDER  THE  MIDDLE  OF  THREE  CYCLONES  EXISTING  IN  THE  E-W 
TROUGH  ON  THE  500  MB  CHART;  THE  DESCRIPTION  OF  WHICH  IS  SATISFIEDBY 
THE  DISCUSSION  OF  THE  200000Z  SURFACE  CHART  IN  THE  INITIAL  PARAGRAPH. 
An  anticyclone  that  was  near  Shanghai  on  the  500  mb  and  200  mb 
CHARTS,  when  WARNINGS  WERE  FIRST  ISSUED  ON  LORNA,  MOVED  TO  THE  VI¬ 
CINITY  OF  Tokyo  by  the  time  of  the  LAst  warning.  The  upper  air 
CIRCULATION  WAS  AFFECTED  AT  LEAST  THROUGH  THE  40,000  FT  LEVEL  BETWEEN 
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241200Z  AND  251200Z. 

The  1002  mb  isobar  (last  closed  one  at  the  peak  of  L0RNA*s  size) 
ENCLOSED  ABOUT  950,000  SQ  HI.  LORNA  WAS  A  LARQE  TYPHOON,  BUT  NOT  THE 
LARGEST  OF  THE  YEAR. 

LORNA  TRAVELED  1100  Ml  DURING  THE  6  DAYS  THAT  WARNINGS  WERE 
ISSUED  AT  AN  AVERAGE  SPEED  OF  7.6  KTS  OR  183  Ml  PER  DAY;  IT  TRAVELED 
AT  A  MINIMUM  SPEED  OF  4  KTS  BETWEEN  220000Z  AND  221200Z  AND  AT  A 
MAXIMUM  SPEED  OF  11  KTS  BETWEEN  240000Z  AND  250000Z.  ThE  TYPHOON 
WAS  AT  ITS  MAXIMUM  INTENSITY,  PRODUCING  SURFACE  WINDS  OF  120  KTS 
BETWEEN  240600Z  AND  241200Z. 

With  the  exception  of  the  loop,  LORNA  did  not. create  any  unus> 
UAL  forecast  problems. 

Limited  information  indicates  that  major  flood  damage  occurred 
to  villages  and  crops  with  three  persons  known  dead  on  Taiwan.  Re¬ 
ports  WERE  NOT  AVAILABLE  FOR  THE  ASIATIC  MAINLAND. 
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3/OOZ 


UNO  RADAR 
UNIT 

FIX  METHOD 

HO.  TIME  LAT.  LONG.  &  ACCY 


1  190610Z  12. 8N 

2  200450Z  15. 3N 

3  210700Z  17. IN 

4  212145Z  16. 6H 

5  220900Z  16.8H 

6  221530Z  16. 9H 

7  222300Z  17.3N 

8  230900Z  17. 8N 

9  23t600Z  18. 8N 

10  232215Z  19.4H 

n  240600Z  20. 7H 

12  240900Z  20. 8N 

13  241200Z  21 .2N 

14  241800Z  21 .9N 

15  250000Z  22. 6N 

16  250130Z  22. 9N 


132.7E  56- P-08 

130. OE  VM1-R-05 

128.7E  56- P-04 

127.1 E  56-P-05 

127. 5E  56-P-07 

127. IE  VHl-R-10 

126.6E  56- P-05 

126. IE  56-P-07 

125.0E  VHl-R-05 

124.2E  56- P-02 

123.1 E  LHO/ROR 

122.8E  56- P-07 

122.1 E  LND/ROR 

121. 5E  LND/ROR 

120. 6E  LND/ROR 

120.1 E  LND/RDR 


ID  AIRCR^AFT  FIXES  TYPHOON  LORNA 


MAX  MAX  MIN  MIN  700MB 

SFC  700MB  700MB  SLP  T/Td 

mnd _ wnd  hot  mbs  fop 


EYE  CHARACTERISTICS 


22  10150 


08/08  CIRC  20MI  DIA 


-  CIRC  OPEN  N 


70 

25 

9910 

993 

15/14 

CIRC  40MI  DIA  OPEN  N«E 

80 

40 

9820 

980 

17/15 

ILL  DEFINED  OPEN  N  &  E 

150 

60 

9630 

974 

18/14 

CIRC  DIA  30MI  OPEN  NE 

... 

... 

25MI  DIA  OPEN  N 

110 

55 

9490 

976 

18/18 

ILL  DEFINED  OPEN  N 

100 

70 

9380 

970 

19/07 

CIRC  DIA  26MI 

... 

... 

CIRC  DIA  28MI  OPEN  SE 

130 

70 

9000 

947 

18/12 

DIA  35MI  OPEN  SE 

150 

90 

8880 

950 

22/13 

CIRC  DIA  15MI 

TYPHOON  LORNA  20-26  AUG  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT.  LONG- 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

201200Z 

15-7N 

129. 9E 

201800Z 

16. 3N 

129. 6E 

210000Z 

16.7N 

129.3E 

210600Z 

17.2N 

128. 8E 

211200Z 

17.3N 

128. 3E 

211800Z 

17.0N 

127. 6E 

220000Z 

16. 6N 

127.3E 

220600Z 

16. 5N 

127. 6E 

358-1 1 9 

221200Z 

16. 8N 

127.4E 

340-133 

221800Z 

17.1N 

126. 9E 

337-124 

230000Z 

17.4N 

126.5E 

247-140 

230600Z 

17.9N 

125.9E 

241-157 

338-149 

231200Z 

18.4N 

125.4E 

135-117 

333-143 

231800Z 

19.0M 

124.7E 

152-105 

325-136 

240000Z 

19. 7N 

124. OE 

165-109 

272-159 

240600Z 

20.4N 

123.2E 

167-135 

206-182 

241200Z 

21. 2N 

122. 4E 

146-166 

149-234 

241800Z 

21. 8N 

121. 6E 

243-36 

165-210 

250000Z 

22.7N 

120.7E 

072-51 

169-230 

250600Z 

23.  IN 

119.7E 

062-114 

167-234 

251200Z 

23.8N 

119. 3E 

039-141 

156-259 

251800Z 

24. 2N 

118. 9E 

054-139 

037-142 

260000Z 

24. 9N 

117. 8E 

062-110 

152-169 

260600Z 

25.3N 

116. 8E 

019-140 

053-240 

261200Z 

25. 5N 

116. IE 

056-120 

048-252 

AVERAGE  24 

HOUR  ERROR  120  Ml 

AVERAGE  48 

HOUR  ERROR  196  Ml 

116 


K.  TYPHOON  NANCY  (071 200Z-170600Z  SEPTEMBER  1961) 

At  070000Z  a  low  appeared  on  the  surface  map  W  of  Kwajalein 
Atoll  marking  the  beginning  of  what  was  to  become  the  most  prolonged 

TYPHOON  OF  THE  SEASON.  THE  FIRST  TROPICAL  DEPRESSION  WARNING  WAS 
ISSUED  AT  071200Z  AND  THE  SYSTEM  WAS  UPGRADED  TO  A  TROPICAL  STORM  AT 
080000Z  WHEN  IT  BECAME  OBVIOUS  THAT  INTENSIFICATION  WAS  TAKING  PLACE. 

By  THE  TIME  A  RECONNAISSANCE  FIX  COULD  BE  MADE,  NANCY  HAD  SURFACE 
WINDS  OF  125  KTS  REVEALING  THAT  SHE  WAS  AN  "EXPLOSIVE  DEEPENER"  AMO 
HAD  PROBABLY  REACHED  TYPHOON  INTENSITY  AT  071800Z. 

From  the  time  of  the  first  warning  NANCY  followed  a  smooth  wes¬ 
terly  TRACK  CURVING  SLIGHTLY  TOWARD  THE  H.  SHE  CONTINUED  TO  INTENSIFY, 
PASSING  85  Ml  SSW  OF  Guam  at  101800Z  with  maximum  surface  winds  of 
180  KTS.  After  reaching  the  peak  intensity  of  185  kts  NANCY  started 

WEAKENING  AND  BEGAN  A  MORE  PRONOUNCED  RECURVATURE,  PASSING  40  Ml  E 

OF  Okinawa  at  141500Z  and  over  Naze  at  150000Z.  At  this  time  most 

FORECASTING  RULES  INDICATED  THAT  NANCY  WOULD  SWING  WIDE  AROUND  JAPAN 
AND  RECURVE  INTO  THE  JAPAN  SEA.  HOWEVER,  BY  151200Z  A  MARKED  CHANGE 
HAD  TAKEN  PLACE  IN  THE  UPPER  AIR  PATTERN  AROUND  THE  TYPHOON.  NANCY'S 
DIAMETER  DIMINISHED  SIGNIFICANTLY  AT  THE  500  MB  LEVEL  AND  THE  SUB¬ 
TROPICAL  HIGH  WHICH  HAD  BEEN  QUAS I STAT I ONARY  NEAR  30N  145E  SHIFTED  10 
DEGREES  TO  THE  E.  NANCY  THEN  ACCELERATED  AND  RECURVED  MORE  SHARPLY, 

BUT  UPON  ENCOUNTERING  THE  JAPANESE  LAND  MASS  SHE  DEFLECTED  BACK  TO¬ 
WARD  THE  N,  PASSING  DIRECTLY  OVER  MUROTO  ZaKI  AT  APPROXIMATELY 

160100Z.  The  typhoon  entered  Honshu  near  Osaka  at  160430Z,  and  by 
THIS  TIME  had  WEAKENED  TO  75  KTS.  SHE  MADE  A  RAPID  TRANSIT  ACROSS 
Honshu  emerging  into  the  Japan  Sea  near  Nanao  and  continued  NNE  to 
Hokkaido. 

The  final  warning  was  issued  at  170600Z  when  NANCY  had  crossed 
INTO  THE  Sea  of  Okhotsk  and  had  obviously  lost  her  tropical  character¬ 
istics.  The  MAXIMUM  surface  winds  were  55  kts  at  that  time. 

A  TOTAL  OF  40  WARNINGS  WERE  ISSUED,  COVERING  A  PERIOD  OF  9  DAYS 
AND  18  hours.  NANCY'S  surface  WINDS  REMAINED  OVER  100  KTS  FOR  8  DAYS, 
FROM  O8OOO0Z  TO  160000Z.  She  traveled  4275  mi  at  an  average  speed  of 
18  KTS.  The  minimum  speed  was  11  kts  on  15  September  and  the  maxi¬ 
mum  speed  was  55  KTS  WHEN  NANCY  WAS  OVER  NORTHERN  JAPAN.  WARNINGS 
WERE  ISSUED  ON  TYPHOONS  OLGA  AND  PAMELA  DURING  THE  LIFE  OF  NANCY. 

The  DAMAGE  CREATED  BY  TYPHOON  NANCY  WAS  PHENOMENAL.  IT  TRAVELED 
ACROSS  SOME  OF  THE  MOST  DENSELY  POPULATED  AREAS  THAT  EXIST,  YET  THE 
DEATH  TOLL  PROBABLY  DID  NOT  EXCEED  225,  AND  THE  DAMAGE  WAS  SMALL  CO^ 
PARED  TO  THAT  CREATED  BY  TYPHOONS  OF  EARLIER  YEARS.  EXAMINATION  OF 
AVAILABLE  INFORMATION  INDICATES  THAT  PROPARATIONS  WERE  MADE  WELL  IN 
ADVANCE  OF  THE  ARRIVAL. OF  NANCY  FOR  PROTECTION  AGAINST  STRONG  WINDS, 
FLOODING,  AND  HIGH  SEAS.  THIS  IS  PARTICULARLY  NOTABLE  IN  JAPAN,  FOR 
THE  PATH  OF  NANCY  WAS  SUCH  THAT  IT  AFFECTED  ALL  OF  THAT  NATION  TO 
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SOME  DEGREE 


A  SUMMARY  OF  DAMAGE  IS  PRESENTED  HERE: 

Guam:  Roads  were  damaged  to  the  extent  that  repairs  were  esti¬ 
mated  TO  COST  approximately  $40,000.  About  50  percent  of  crops  on 
THE  southern  END  OF  THE  ISLAND,  SUCH  AS  BEANS,  BANANAS^  TOMATOES, 
BREADFRUIT,  MELONS,  AND  CUCUMBERS  WERE  DESTROYED  DUE  TO  STRONG  WINDS 
AND  HEAVY  RAIN.  THE  NORTHERN  END  OF  THE  ISLAND  SUFFERED  LITTLE  DAM¬ 
AGE. 


Okinawa:  Extensive  crop  and  structural  damage  and  flooding  of 

LOW  LYING  areas  OCCURRED  BUT  NO  LOSS  OF  LIFE. 

Amami-O-Shima:  One  person  missing,  one  seriously  hurt,  and  152 

PEOPLE  WERE  LEFT  HOMELESS.  ONE  SHIP  WAS  SUNK,  COMMUNICATIONS  WERE 
LOST  AND  EXTENSIVE  FLOODING  OF  HOMES  AND  CROPS  ALSO  OCCURRED. 

Japan:  There  were  172  persons  reported  dead,  18  missing,  and 
3,184  INJURED.  The  Japan  national  police  reported  that  as  a  result 
OF  NANCY,  MORE  than  650,000  persons  were  left  homeless,  11,539  homes 
WERE.  DESTROYED,  32,604  HOMES  WERE  PARTIALLY  DESTROYED,  AND  280,078 
HOMES  WERE  FLOODED.  MORE  THAN  300  SHIPS  WERE  SUNK,  AND  MANY  DAMAGED. 
The  floods  caused  a  loss  of  566  bridges,  caused  1,146  landslides  and 
CUT  roads  at  2,053  places.  Japanese  officials  said  NANCY  was  rated 

SIXTH  IN  THE  NUMBER  OF  PERSONS  KILLED  BY  AN  INDIVIDUAL  TYPHOON.  TY¬ 
PHOON  VERA  KILLED  4,464  persons  in  Nagoya  on  26  September  1959,  the 
WORST  IN  Japanese  history. 
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"NAHCY" 
CPS  9 
MT.  ALUTOM 
200  Ml  RANGE 
ELEV  1  DEG 
110330K  SEP  61 
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LAND  RADAR  AND  AIRCRAFT  FIXES  ~  TYPHOON  WANCY 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UlilT 
METHOD 
&.  ACCY 

MAX 

SFC 

WNO 

MAX 

700MB 

WNO 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

ik) 

EYE  CHARACTERISTICS 

1 

080230Z 

08. 8N 

160. 8E 

lnd/ror 

.... 

2 

080625Z 

08. 9N 

160.0E 

56- P-06 

125 

60 

9580 

978 

13/09 

WALL  CLOS  ALL  QUADS  ELL  IP  30MI 

N-S  &  20MI  E-W 

3 

0821 30Z 

09.  IN’ 

155. 5E 

56- P-05 

130 

90 

9220 

... 

16/06 

CIRC  DIA  10MI 

4 

090100Z 

09.  IN 

154. 8E 

56- P-10 

150 

100 

9080 

956 

18/11 

WELL  DEFINED  CIRC  25MI  DIA 

5 

090706Z 

09. 5N 

153.0E 

56- P-05 

165 

110 

8410 

928 

16/13 

CIRC  10MI  DIA  NO  CLOS  IN  EYE 

6 

091330Z 

09. 7H 

151 .2E 

VW1-R-03 

... 

«■><•■»«§ 

DIA  SMI 

7 

0921 30Z 

10. IN 

1.49. 2E 

56- P-03 

180 

120 

8240 

^mm 

17/12 

CIRC  SMI  DIA  WALL  CLOS  ALL 

QUADS 

8 

100230Z 

10. 8N 

147. 7E 

56- P-02 

200 

130 

7890 

925 

16/15 

CIRC  SMI  DIA 

9 

100705Z 

11. 2N 

146.4E 

56- P-02 

200 

160 

7770 

916 

20/08 

CIRC  DIA  25MI 

10 

101345Z 

11. 7N 

144. 8E 

lnd/ror 

... 

— . 

... 

11 

1 A1  QKAT 

1  9  9ll 

1 

1  un  /pno 

1  1 

1  v/  I 

UNU/  i\Ut\ 

12 

110700Z 

13. 3N 

141 .2E 

56-P-02 

200 

130 

7190 

901 

20/15 

17MI  OJA,  WELL  DEFINED 

13 

111330Z 

14. 3N 

139. 9E 

VHT-R-03 

... 

... 

..— 

... 

CIRC  16MI  DIA 

14 

120045Z 

15. 7N 

137. 2E 

56- P-02 

200 

150 

6801 

888 

20/17 

CIRC  6MI  DIA 

15 

120630Z 

16. 3N 

136.0E 

56- P-02 

200 

130 

6990 

890 

20/18 

ELLIP  N-S  18MI  E-W  12Mi 

16 

121400Z 

17. 5N 

134. IE 

VH1-R-03 

... 

... 

.... 

... 

CIRC  25MI  DIA 

17 

122145Z 

18. 2N 

132. 8E 

56-P-08 

180 

140 

6900 

889 

18/14 

CIRC  DIA  10MI 

18 

130415Z 

19. 2N 

131 .5E 

56- P-01 

150 

140 

6885 

889 

21/16 

CIRC  25MI  DIA 

19 

130830Z 

19. 9N 

131 .OE 

56AP-01 

120 

130 

6990 

882 

18/15 

CIRC  15MI  DIA 

20 

131453Z 

21 .2N 

130. 3E 

VMl-R-05 

... 

... 

.... 

INNER  EYE  27MI  DIA  OUTER  EYE 

52Mi  DtA 


LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  NANCY  fCONT'Dl 


ro 

cn 


FIX 


NO, 

TIME 

LAT. 

LONG. 

21 

132200Z 

22. 7N 

129. 7E 

22 

1400002 

23.4N 

129. 4E 

23 

140245Z 

23. 7N 

128. 8E 

24 

140525Z 

24. 6N 

129.0E 

25 

141115Z 

25. 9N 

129. OE 

26 

141500Z 

26. 7N 

128. 9E 

27 

141745Z 

27. IN 

129. IE 

28 

142320Z 

28. IN 

129. 5E 

29 

150356Z 

28. 7N 

129. 6E 

30 

150600Z 

29. ON 

130. OE 

31 

151000Z 

29. 6N 

130. 6E 

32 

151300Z 

30. IN 

131. 2E 

33 

151500Z 

30. 5N 

131 .6E 

34 

151800Z 

31 .4N 

132.2E 

35 

152155Z 

32. 2N 

133. IE 

36 

160000Z 

33.  IN 

133. 9E 

37 

160300Z 

34. IN 

134. 7E 

38 

160530Z 

35.2N 

136. IE 

39 

160700Z 

36. 3N 

136. 2E 

40 

161100Z 

38. 5N 

138. 5E 

UNIT 

METHOD 

Sl  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

56- P-05 

160 

125 

7380 

902 

lno/rdr 

56- P-05 

150 

135 

7490 

903 

lnd/rdr 

— 

— 

.... 

— 

lnd/rdr 

— 

. — 

... 

lno/rdr 

... 

... 

.... 

— - 

lnd/rdr 

— - 

... 

.... 

. — 

lnd/rdr 

— 

— 

.... 

— . 

56-P-01 

120 

87 

7830 

920 

lnd/rdr 

... 

... 

.... 

... 

lnd/rdr 

... 

... 

.... 

— - 

lnd/rdr 

... 

.... 

... 

lnd/rdr 

— . 

.... 

... 

lno/rdr 

... 

.... 

... 

lnd/rdr 

— 

.... 

— 

lnd/rdr 

... 

... 

.... 

... 

lnd/rdr 

... 

. — 

.... 

— 

LND/RDR 

... 

... 

.... 

... 

lno/rdr 

.... 

... 

lno/rdr 

— 

— 

.... 

— 

700MB 

T/Td 

(°C) _ EYE  CHARACTERISTICS 

17/17  40MI  DIA 


19/17  CIRC  50MI  DIA 


-  DIA  33MI 

18/18  CIRC  60MI  DIA  HALL  CLDS  ALL 
VUADS 


TYPHOON  NANCY  07-17  SEP  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

071200Z 

08. 8N 

164. 3E 

071800Z 

08. 8N 

163. 2E 

080000Z 

08. 8N 

161. 8E 

080600Z 

08. 9N 

160. IE 

081200Z 

08. 9N 

158. 4E 

081800Z 

09.0N 

156. 8E 

090000Z 

09.  IN 

155. IE 

067-167 

090600Z 

09. 3N 

153.3E 

076-119 

091200Z 

09. 6N 

151 .7E 

074-126 

091 800Z 

10. ON 

149. 9E 

066-116 

lOOOOOZ 

10. 5N 

148. 3E 

357-90 

078-281 

100600Z 

11. ON 

146. 7E 

079-31 

086-184 

101200Z 

11. 5N 

145. 2E 

069-27 

076-159 

101800Z 

12.0N 

144. OE 

360-48 

077-154 

110000Z 

12. 6N 

142. 8E 

046-21 

324-205 

110600Z 

13. 2N 

141 .4E 

344-23 

336-25 

111200Z 

14.0N 

140. IE 

313-67 

108-37 

1 1 1 800Z 

14. 8N 

138. 8E 

263-35 

112-95 

120000Z 

15. 5N 

137. 5E 

211-23 

103-71 

120600Z 

16. 2N 

136. IE 

21 3-19 

078-70 

121200Z 

17. ON 

134. 9E 

131  -44 

031-81 

121800Z 

17. 7N 

133, 7E 

045-121 

115-37 

130000Z 

18. 4N 

132. 3E 

048-139 

101-56 

130600Z 

19. 4N 

131  .3E 

356-64 

118-41 

131200Z 

20. 6N 

130. 6E 

015-31 

137-85 

131 800Z 

21. 9N 

129, 9E 

297-54 

063-120 

140000Z 

23.2N 

129.4E 

242-90 

068-93 

140600Z 

24. 6N 

129. IE 

236-167 

261-84 

141200Z 

25. 9N 

128. 9E 

238-222 

229-123 

141800Z 

27. 2N 

129.1E 

245-93 

243-226 

150000Z 

28. 2N 

129. 3E 

211-25 

242-309 

150600Z 

29.1  N 

130.0E 

283-130 

248-316 

151200Z 

29.9N 

131. IE 

302-155 

255-468 

151 800Z 

31. 2N 

132.3E 

277-200 

262-287 

160000Z 

33.  IN 

134.0E 

271-201 

246-294 

160600Z 

35. 5N 

136. IE 

231-104 

251-373 
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TYPHOON  NANCY  07-17  SEP  1961 
POSITION  AND  FORECAST  .VERIFICATION  DATA  (CONT*0) 


DTG 

STORM  POSITION 

LAT.  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

161200Z 

39.3N 

139. 2E 

202-194 

246-466 

161800Z 

44. 6N 

141 .8E 

177-465 

227-660 

170000Z 

48.5N 

144.4E 

174-618 

208-707 

170600Z 

50.7N 

146,9E 

154-494 

192-747 

AVERAGE  24  HOUR  ERROR  133  HI 
AVERAGE  48  HOUR  ERROR  228  Ml 
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SHIP  DAMAGED  ON  OKINAWA  AS  A  RESULT  OF  WINDS  AND  SEAS  ASSOCIATED 
WITH  NANCY.  SEPTEMBER  1961.  (PACIFIC  STARS  AND  STRIPES) 


STRUCTURAL  DAMAGE,  NAHA,  OKINAWA.  NOTE  INVERTED  ROOF,  CEILING  AND 
SUPPORTS  RESTING  ON  ROOF  OF  SHOP,  SEPTEMBER  1961.  (PACIFIC  STARS 
AND  STRIPES) 
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FLOODING  CREATED  IN  TOKYO  BY  NANCY,  EVEN  THOUGH  THE  EYE  OF 
THE  TYPHOON  WAS  MORE  THAN  160  Ml  AWAY.  SEPTEMBER  1961. 
(PACIFIC  STARS  AND  STRIPES) 


STEEL  FIRE  OBSERVATION  TOWER  BROKEN  IN  HALF  BY  NANCY,  OSAKA,  JAPAN, 
16  SEPTEMBER  1961.  (AP  WIRE  PHOTO) 
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L.  TYPHOON  OLGA  (080000Z- 1006002  SEPTEMBER  1961) 

The  formation  or  the  low  which  ultimately  became  OLGA  occurred 
ALONG  THE  INTERTROPICAL  CONVERGENCE  ZONE  E  OF  THE  PHILIPPINE  ISLANDS, 
From  its  origin  it  drifted  slowly  westward  with  no  noticeable  inten¬ 
sification  until  IT  CROSSED  into  THE  SOUTH  CHINA  SEA.  ON  7  SEPTEMBER 
SHIP  REPORTS  INDICATED  THAT  THE  SLP  WAS  BEGINNING  TO  DROP  AND  THE 
PERIPHERAL  WINDS  WERE  INCREASING.  THUS  AT  080000Z  JTWC  ISSUED  THE 
FIRST  WARNING  ON  TROPICAL  DEPRESSION  27, 

The  AREA  OF  CYCLONIC  CIRCULATION  CONTINUED  TO  INCREASE  AND  BE¬ 
COME  MORE  WELL  DEFINED.  AT  080600Z  THE  SYSTEM  WAS  UPGRADED  TO  A 
TROPICAL  STORM  AND  ASSIGNED  THE  NAME  OLGA.  THE  081200Z  200  MB  ANA¬ 
LYSIS  INDICATED  A  MARKED  TRANSITION  TAKING  PLACE  IN  THE  SUBTROPICAL 

RIDGE.  The  anticyclonic  outoraft  which  was  located  HE  of  OLGA  broke 
DOWN  causing  the  RIDGE  AXIS  TO  SHIFT  TO  THE  S.  IT  WAS  AT  THIS  TIME 
THAT  OLGA  MADE  AN  ABRUPT  CHANGE  FROM  HER  WESTERLY  TRACK  AND  TURNED 
TOWARD  THE  N.  THIS  TURN  WAS  FORECAST  PERFECTLY  BY  THE  JOINT  NUMERI¬ 
CAL  Weather  Prediction  Unit,  Suitlano,  Mo.  Of  all  JNWP  forecasts 

RECEIVED,  the  ONE  FOR  OLGA  VERIFIED  CLOSEST  TO  THE  BEST  TRACK. 

■  OLGA  CONTINUED  TO  INTENSIFY  AND  WAS  UPGRADED  TO  A  TYPHOON  AT 

090000Z,  After  reaching  the  maximum  strength  of  70  kts  shortly 
AFTER  090600Z  OLGA  started  to  WEAKEN  SLIGHTLY  BECAUSE  OF  HER  PROXI¬ 
MITY  TO  land.  She  entered  the  Asiatic  mainland  approximately  30  mi 
NE  OF  Hong  Kong  at  091800Z,  At  the  time  of  her  passage  over  the 

COASTLINE  OLGA  was  STILL  OF  TYPHOON  STRENGTH,  BUT  SHE  WEAKENED 
rapidly,  AND  THE  FINAL  WARNING  WAS  ISSUED  AT  100600Z, 

Only  ten  warnings  were  issued  on  OLGA,  covering  a  period  of  2 

DAYS  AND  6  HOURS.  SHE  TRAVELED  325  Ml  AT  AN  AVERAGE  SPEED  OF  6  KTS. 

Although  showing  an  abrupt  change  of  direction,  OLGA's  track  is  not 

MARKEDLY  DIFFERENT  FROM  OTHER  TYPHOONS  WHICH  HAVE  OCCURRED  NEAR  HONG 
Kt)NG  DURING  PREVIOUS  SEPTEMBERS. 

Strong  winds  and  heavy  rain  affected  Hong  Kong  and  the  Asiatic 

MAINLAND  DURING  THE  LIFE  OF  OLGA  AND  5  DEATHS  WERE  REPORTED  AS  A 
RESULT  OF  LANDSLIDES.  A  300  TON  FISHING  TRAWLER  BROKE  LOOSE, 

DRIFTED  AWAY  AND  CAPSIZED.  RESCUE  PARTIES  SAVED  ALL  ABOARD,  AIR¬ 
LINE  AND  FERRY  SERVICES  WERE  DISRUPTED,  SOME  TREES  UPROOTED  AND  THE 
STREETS  OF  HONG  KONG  WERE  LITTERED  WITH  DEBRIS,  SOME  CROP  DAMAGE 
WAS  REPORTED  ON  THE  ASIATIC  MAINLAND  AND  ABOUT  70  PEOPLE  TOOK  AD¬ 
VANTAGE  OF  THE  TYPHOON  AND  SOUGHT  REFUGE  IN  HONG  KONG. 
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08^ia  SEPTEMBER  4961 


Legend 


— H  «.HR  BEST  TRACI 
A  AIRCRAFT  FIX 

**  IHTEHSITY 

- ^  ,^PHOON  OR  TRC1 

- TROPICAL  DEPRffi^ 

J  KOROR 

o  O  ^RMATIVE.  STA&: 


POSIT 


e  20 
*13  UUTHI 
YAP 

STORM  / 


-4^ - 1- - 


LAHD  RADAR  AND  AIRCRAFt  FOCES  •»  fYPHOOW  blG* 


UNIT 

MAX 

MAX 

MIN 

MIN 

700MB 

FIX 

HETHOO 

SFC 

700MB 

700MB 

SiP 

T/To 

NO.  TIME 

LAT. 

LONG. 

&.  ACCY 

WHO 

WND. 

HGT 

MBS 

EYE  CHARACTERISTICS 


1  090930Z  22 .ON 


114.8E  USN-EST 


TYPHOON  OLGA  08-10  SEP  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORH  POSITION  24  HR.  ERROR 


DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

080000Z 

20.2N 

117.0E 

080600Z 

20.0N 

116.2E 

081200Z 

20.1N 

115.5E 

081800Z 

20.4N 

115.3E 

090000Z 

20. 9N 

115.2E 

090600Z 

21 .5N 

115.2E 

245-188 

091200Z 

22. 2N 

114.9E 

271-150 

091800Z 

22.  YH 

114.7E 

262-200 

100000Z 

23.2N 

114. 3E 

239-116 

100600Z 

23. 6N 

113.7E 

169-122 

AVERAGE  24  HOUR  ERROR  155  Ml 
AVERAGE  48  HOUR  ERROR  353  Ml 


48  HR.  ERROR 
DEG.  DISTANCE 


239-353 
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M,  TYPHOON  PAMELA  (081200Z-121800Z  SEPTEMBER  1961) 

A  WEAK  CIRCULATION  THAT  WAS  LATER  TO  BECOME  TYPHOON  PAMELA 
FIRST  APPEARED  ON  4  SEPTEMBER  APPROXIMATELY  4CX)  Ml  NE  OF  GUAM.  IT 
MOVED  SLOWLY  W  UNTIL  8  SEPTEMBER  WHEN  IT  TURNED  TOWARD  THE  NW  AND 
BEGAN  TO  INTENSIFY.  A  TROPICAL  DEPRESSION  WARNING  WAS  ISSUED  AT 
081200Z  AND  A  RECONNAISSANCE  AIRCRAFT  WAS  DISPATCHED  TO  INVESTIGATE. 
Based  on  the  information  contained  in  the  eye  message  report,  the 
DEPRESSION  WAS  UPGRADED  TO  TROPICAL  STORM  INTENSITY  ON  THE  090600Z 
WARNING. 

Starting  a  gradual  turn  back  toward  the  W,  PAMELA  continued  to 
INTENSIFY.  The  first  typhoon  warning  was  issued  at  IOOOOOZ,  however, 

POST  ANALYSIS  INDICATES  THAT  PAMELA  HAD  ACTUALLY  REACHED  TYPHOON 
INTENSITY  BY  091200Z.  PROGRESSING  ON  A  HEADING  OF  PAMELA  PASSED 
140  Ml  S  OF  Okinawa  and  continued  straight  toward  central  Taiwan. 

She  reached  her  maximum  intensity  of  160  kts  at  approximately  110900Z 

WHILE  PASSING  65  Ml  S  OF  MiYAKO  JiMA,  THEN  WEAKENED  SLIGHTLY  AND 
STARTED  A  SLIGHT  DEFLECTION  TO  THE  N.  As  PAMELA  APPROACHED  TAIWAN,  A 
TROUGH  DEVELOPED  S  OF  HER  AND  AT  ABOUT  1 1 1 600Z  A  LOW  APPEARED  IN  THE 
TROUGH  E  OF  THE  ISLAND’S  SOUTHERN  TIP.  ThIS  LOW  REMAINED  QUASI¬ 
STATIONARY  AND  PERSISTED  UNTIL  APPROXIMATELY  111200Z  WHEN  PAMELA 
ENTERED  TAIWAN  NEAR  THE  CITY  OF  KARENKO.  ThE  TRANSIT  ACROSS  THE  IS¬ 
LAND’S  12,000  FT  MOUNTAINS  WEAKENED  PAMELA  TO  SLIGHTLY  LESS  THAN  100 
KTS  INTENSITY  AS  SHE  CROSSED  INTO  THE  TAIWAN  STRAITS.  SHE  ENTERED 
THE  ASIATIC  MAINLAND  NEAR  T’UNG-A  AND  CONTINUED  STRAIGHT  INLAND  WEAKEN¬ 
ING  RAPIDLY.  The  FINAL  WARNING  WAS  ISSUED  AT  121800Z. 

Eighteen  warnings  were  issued  on  PAMELA  covering  a  period  of  4 
DAYS  AND  6  HOURS.  SHE  TRAVELED  1225  Ml  AT  AN  AVERAGE  SPEED  OF  12  KTS, 
The  MINIMUM  SPEED  WAS  5  KTS  ON  8  AND  9  SEPTEMBER  AND  THE  MAXIMUM 
SPEED  WAS  18  KTS, WHEN  PAMELA  WAS  CROSSING  TAIWAN. 

Typhoon  PAMELA  was  the  5th  typhoon  to  strike  Taiwan  during  the 
year;  it  also  created  more  damage  than  the  others.  Ninety-eight 
DEATHS,  27  PERSONS  MISSING,  AND  964  INJURED  WERE  REPORTED.  FlFTY- 
TWO  OF  THE  DEAD  PERISHED  AT  YlLAN,  A  FISHING  PORT  IN  NORTHEAST  TAIWAN. 
It  was  ESTIMATED  BY  POLICE  THAT  5,992  HOUSES  COLLAPSED  AND  12,995 
WERE  DAMAGED.  AN  ESTIMATED  50,000  PEOPLE  WERE  LEFT -HOMELESS.  DAMAGE 
WAS  ESTIMATED  TO  BE  IN  EXCESS  OF  $4,000,000  TO  CROPS,  LAND  AND  HOMES. 
Damage  to  the  Asiatic  mainland  was  not  available. 
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LAND  RADAR  AND  AtRCRAFT  FIXES  -  TYPHOOH  PAMELA 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WNO 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

(OC) 

EYE  CHARACTERISTICS 

1 

090430Z 

20. 8N 

135. 2E 

VW1-P-05 

45 

.... 

982 

DIA  23  Ml  SPIRAL  BANDS  ALL  QUADS 

2 

091440Z 

21 .5N 

134. 6E 

VW1-R-10 

... 

.... 

... 

CIRC  WELL  DEFINED  7  Ml  DIA 

3 

091903Z 

21. 7N 

134. 4E 

VW1-R-15 

... 

DIA  14  Ml 

4 

092200Z 

22. 2N 

133.7E 

56- P-04 

75 

60 

9340 

970 

15/13 

DIA  10  Ml 

5 

100330Z 

23.  IN 

132. 5E 

56- P-03 

55 

51 

9290 

... 

14/12 

POORLY  DEFINED  CIRC  12  Ml  DIA 

6 

100700Z 

23. 4N 

131. 6E 

56- P-04 

90 

80 

9150 

952 

17/14 

CIRC  18  Ml  DIA 

7 

101250Z 

23. 8N 

130. 8E 

VW1-R-05 

... 

mmmm 

... 

DIA  17  Ml  OPEN  W 

& 

101605Z 

23. 6N 

129. 7E 

VW1-R-04 

... 

.... 

... 

DIA  13  Ml  WALL  CLD  3  Ml  HIDE 

9 

101646Z 

23. 7N 

129, 3E 

LMD/ROR 

... 

mmimm 

... 

12  Ml  DIA 

10 

lbl930Z 

23. 6N 

128. 4E 

LND/ROR 

... 

.... 

... 

11 

102200Z 

23.7N 

127. 8E 

56- P-05 

100 

80 

8040 

— 

18/12 

CIRC  8  Ml  DIA  WALL  CLDS  ALL  QUADS 

12 

110130Z 

23. 7N 

127.0E 

56-P-01 

130 

100 

7550 

... 

17/11 

CIRC  6  Ml  DIA 

13 

14 

15 

1 10700Z 
111100Z 
111300Z 

23. 7N 
23. 8N 
23. 8N 

125. 7E 
124. 3E 
123. 7E 

56- P-02 

lno/rdr 

LND/ROR 

170 

140 

7440 

914 

16/16 

SEVERE  TURBULENCE  NE  QUAD 

.... 

TYPHOON  PAMELA  0M2  SEP  1961 


fOSITION  AND  FORECAST  VERIFICATION  DATA 

STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

DTG 

..  LAT. 

LONG. 

OEG.  DISTANCE 

OEG.  DISTANCE 

081200Z 

19. 6N 

135.7E 

081800Z 

20.1N 

135.4E 

090000Z 

20.6N 

135.2E, 

090600Z 

21  .ON 

135.0E 

091200Z 

21 .3N 

134. 7E 

091800Z 

21 .7N 

134.3E 

100000Z 

22. 5N 

133.3E 

100600Z 

23. 3N 

131 .9E 

133-181 

101200Z 

23.  7N 

130.4E 

127-246 

1018002 

23. 8H 

128. 9E 

109-180 

1100002 

23.7N 

127.4E 

065-164 

110600Z 

23.6N 

125.9E 

020-198 

108-359 

111200Z 

23.7N 

124. IE 

i  011-190 

103-376 

111800Z 

24. IN 

122.2E 

j  118-27 

090-360 

120000Z 

24.4N 

120.3E 

'  169-31 

067-360 

120600Z 

24. 6N 

119.0E 

137-23 

043-444 

121200Z 

25.3H 

117. 5E 

218-33 

029-247 

121800Z 

26.  IN 

1l6.tE 

203-52 

172-59 

AVERAGE  24  HOUR  ERROR  120  HI 
AVERAGE  48  HOUR  ERROR  315  Ml 
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THIS  RUBBLE  WAS  A  BUILDING  BEFORE  PAMELA  STRUCK  TAIWAN. 
SEPTEMBER  1961.  (PACIFIC  STARS  AND  STRIPES) 


ADVERTISING  TOWER  SNAPPED  OFF  IN  TAIPER,  TAIWAN,  BY  TYPHOON  PAMELA. 
SEPTEMBER  1961.  (PACIFIC  STARS  AND  STRIPES) 
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N.  TYPHOON  SALLY  (21 1 200Z-291 800Z  SEPTEMBER  1961) 

The  191800Z  surface  chart  was  the  first  to  show  the  existence  of 

AN  AREA  OF  LOW  PRESSURE  SITUATED  TO  THE  E  OF;  ENIWETOK  ATOLL.  AS  THIS 
LOW  MOVED  TOWARD  THE  W,  ITS  FALLING  PRESSURES  AND  INCREASING  RADIUS 
OF  CYCLONIC  WINDS  GAVE  INDICATIONS  OF  INTENSIFICATION.  THE  FIRST 
TROPICAL  DEPRESSION  WARNING  WAS  ISSUED  AT  212200Z,  HOWEVER,  SUBSE¬ 
QUENT  RECONNAISSANCE  INVESTIGATIONS  SHOWED  LIGHT  WINDS  AND  NO  ORGAN¬ 
IZED  center;  and  a  final  warning  was  issued  at  221200Z, 

Aerial  surveillance  continued,  but  no  apparent  change  was  noted. 

A  photograph  of  this  system  showing  a  well  defined  vortex  was  taken 
at  240047Z  BY  Tiros  Three  during  its  1056th  orbit.  The  reconnaissance 
fix  of  250455Z  confirmed  this  and  reported  25  kt  winds  and  a  993  mb 
SLP.  The  issuance  of  tropical  depression  warnings  was  resumed  at 
250600Z,  At  this  time  the  center  was  moving  toward  the  WNW  at  11  kts 
AND  intensifying  SLOWLY.  THE  FIRST  TROPICAL  STORM  WARNING  WAS  ISSUED 
AT  260600Z  ALTHOUGH  POST  ANALYSIS  SHOWS  THAT  SALLY  ACTUALLY  BECAME  A 
TROPICAL  STORM  AT  251800Z.  SHE  STARTED  A  GRADUAL  TURN  TOWARD  THE  H 
AND  CONTINUED  INTENSIFYING,  REACHING  TYPHOON  STRENGTH  AT  2706002, 

SALLY  REACHED  HER  MAXIMUM  INTENSITY  (70  KTS)  AT  271200Z  AND  AT  THIS 
frME  WAS  HEADED  W  TOWARD  SOUTHERN  TAIWAN.  SHE  CROSSED  THE  ISLAND  AT 
APPROXIMATELY  280600Z  AND  AFTER  WEAKENING  SLIGHTLY,  AGAIN  REACHED  70 
KTS  INTENSITY  AS  SHE  ENTERED  THE  TAIWAN  STRAITS.  SALLY  CONTINUED 
MOVING  TO  THE  H  UNTIL  SHE  ENTERED  THE  .ASIATIC  MAINLAND  PASSING  15  MI 
N  OF  Hong  Kong.  She  had  weakened  to  about  40  kts  at  this  time  and 
CONTINUED  TO  WEAKEN  AS  SHE  TURNED  TOWARD  THE  WSW,  SALLY  REMAINED 
APPROXIMATELY  30  Ml  INLAND  AND  MOVED  PARALLEL  TO  THE  COASTLINE  UNTIL 
291800Z  WHEN  THE  FINAL  WARNING  WAS  ISSUED, 

SALLY  TRAVELLED  2,775  Ml  FROM  THE  FIRST  TO  LAST  WARNING,  T,850 
Ml  OF  THIS  DISTANCE  COVERED  BY  WARNINGS  WHILE  THE  REMAINING  925  Ml 
OCCURRED  DURING  THE  PERIOD  THAT  WARNINGS  WERE  NOT  ISSUED.  SALLY'S 
MINIMUM  SPEED  WAS  9  KTS  ON  26  SEPTEMBER  AND  THE  MAXIMUM  SPEED  OF  20 
KTS  OCCURRED  WHILE  CROSSING  THE  ISLAND  OF  TAIWAN. 

Information  concerning  damage  by  SALLY  was  extremely  limited. 
Damage  to  crops  on  Taiwan  and  the  Asiatic  mainland  is  known  to  have 
OCCURRED,  however  THERE  IS  NO  INFORMATION  REGARDING  LOSS  OF  LIFE  OR 
SHIPPING  AVAILABLE. 
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LAMP  RADAR  AHD  AIRCRAFT  FIXES  -  TYPHOON  SALLY 


FIX 

HO 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&.  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

HND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

- 

EYE  CHARACTERISTICS 

25 

1 

250455Z 

18.0N 

135. IE 

VHl-P-05 

.... 

99o 

2 

260545Z 

20. 3N 

131 .3E 

VHl-P-  U 

40 

—  —  — 

.... 

984 

EYE  150  Ml  E-H 

3 

270020Z 

21. 5N 

128. 5E 

VHl-P-10 

60 

... 

983 

EYE  100  Ml  NM-SE  60  Ml  NE-SW 

4 

271130Z 

22. 3N 

125.7E 

LNO/RpR 

DIA  40  Ml 

5 

2801 OOZ 

22. 3N 

122. IE 

lnd/rdr 

... 

.... 

... 

HELL  DEFINED 

6 

280300Z 

22. 3N 

121 .4E 

lnd/ror 

- - 

mmm  . 

ILL  DEFINED 

7 

280800Z 

22. 3H 

120. 2E 

lnd/ror 

TYPHOON  SALLY  21-29  SEP  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

OEG.  DISTANCE 

211200Z 

11. ON 

156.2E 

211800Z 

11. 6N 

154. 7E 

220000Z 

12. 3H 

153.1E 

2206CX>Z 

12.7N 

151 .3E 

221200Z 

12.6N 

149.7E 

NO  WARNINGS 

ISSUED 

221200Z  TO  250600Z. 

250600Z 

18. IN 

134. 9E 

251200Z 

18. 6N 

133.9E 

251800Z 

19.2N 

132.9E 

26CXX)OZ 

19. 8N 

132. IE 

260600Z 

20.3N 

131 .2E 

....... 

261200Z 

20.7N 

130.4E 

261800Z 

21.1  N 

129. 6E 

270000Z 

21 .5N 

128.6E 

270600Z 

21 .9N 

127.2E 

35^-158 

271200Z 

22.1  N 

125.7E 

017-168 

271800Z 

22.3N 

124. IE 

039-204 

2800007 

22.3N 

122. 6E 

080-289 

280600Z 

22. 6N 

120.9E 

064-303 

030-404 

281200Z 

22.5N 

118. 8E 

065-198 

044-510 

281800Z 

22.5N 

IIT.QE 

051-249 

050-592 

290000Z 

22. 6N 

115.2E 

076-192 

077-627 

290600Z 

22. 5N 

n3.6E 

039-244 

062-736 

291200Z 

22. 3N 

112.0E 

063-136 

055-530 

291800Z 

21. 7N 

110.8E 

029-181 

046-621 

AVERAGE  24 

HOUR  ERROR  211  Ml 

AVERAGE  48 

HOUR  ERROR  574  Ml 

145 
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0,  TYPHOON  TILDA  (270600Z  SEPTEMBER  -  050600Z  OCTOBER  1961) 

At  260600Z  a  ship  300  mi  E  of  Guam  reported  NW  surface  winds 
AND  A  1003,5  MB  SLP  PROVIDING  THE  FIRST  INDICATION  OF  THE  CIRCU¬ 
LATION  THAT  WAS  TO  BECOME  TYPHOON  TILDA.  THE  CENTER  BECAME  MORE 
WELL  DEFINED  AND  MOVED  TOWARD  THE  WNM.  ThE  FIRST  TROPICAL  DEPRESSION 
WARNING  WAS  ISSUED  AT  270600Z  AND  THE  SYSTEM  WAS  UPGRADED  TO  A  TROPI¬ 
CAL  STORM  AT  271800Z,  Post  ANALYSIS  SHOWS  THAT  TILDA  WAS  ALREADY  A 
TROPICAL  STORM  AT  270600Z  AND  REACHED  TYPHOON  INTENSITY  AT  271200Z. 

TILDA  STARTED  A  SHARP  TURN  TOWARD  THE  N  AT  290000Z  AND  HEADED 
DIRECTLY  TOWARDS  CENTRAL  JAPAN  AND  AN  AREA  OF  HIGH  PRESSURE  WHICH 
EXTENDED  FROM  THE  SURFACE  UP  THROUGH  100  MB.  IT  WAS  MANEUVERS  SUCH 
AS  THIS  THAT  CAUSED  THE  "PACIFIC  STARS  AND  STRIPES"  TO  HEADLINE 
TILDA  AS  "fickle"  and  state  THAT  SHE  "ZIG-ZAGGED"  HER  WAY  THROUGH 
THE  Pacific.  As  the  high  over  Japan  started  to  weaken  and  a  break 

DEVELOPED  IN  THE  RIDGE  LINE,  TILDA  STARTED  A  TURN  BACK  TOWARDS  THE 

W,  She  attained  her  maximum  intensity  at  this  time,  reaching  140 
KTS  BETWEEN  300000Z  AND  301200Z.  A  FAST  MOVING  TROUGH  IN  THE  WESTER¬ 
LIES  PASSED  N  OF  TILDA  AT  APPROXIMATELY  301200Z,  BUT  APPARENTLY  HAD 
NO  EFFECT  ON  HER  TRACK  AS  SHE  CONTINUED  TURNING  TOWARD  THE  W.  TILDA 
COMPLETED  HER  TURN  AT  ABOUT  010600Z  AND  MOVING  SLIGHTLY  M  OF  W,  PASSED 
WITHIN  15  Ml  OF  THE  SOUTHERN  TIP  OF  OKINAWA  AT  APPROXIMATELY  021400Z, 
KaOENA  was  directly  under  the  wall  cloud  at  THE  TIME  OF  TYPHOON  PASS¬ 
AGE  AND  RECEIVED  THE  BRUNT  OF  THE  TYPHOON  WINDS.  THE  WINDS  WERE  70 
KTS  SUSTAINED  WITH  PEAK  GUSTS  TO  108  KTS.  THE  SLP  REACHED  A  MINIMUM 
OF  947.0  MB.  Noha,  just  inside  the  wall  cloud,  had  sustained  winds 
OF  75  KTS  WITH  PEAK  GUSTS  OF  103  KTS  AND  A  MINIMUM  SLP  OF  942.7  MB, 

She  had  weakened  slightly,  but  still  had  120  kt  surface  winds  at  this 
TIME.  After  passing  Okinawa,  TILDA  started  a  gradual  turn  toward  the 
K  and  continued  to  slowly  decrease  in  INTENSITY,  ShE  ENTERED  THE 
Asiatic  mainland  approximately  100  mi  S  of  Shanghai  and  started  to 
w.eaken  rapidly.  She  finally  crossed  N  of  the  subtropical  ridge  line 
and  came  under  the  influence  of  THE  westerlies.  She  then  recurved 

SHARPLY  AND  EMERGED  FROM  THE  MAINLAND  JUST  N  OF  SHANGHAI  AFTER  HAVING 
WEAKENED  TO  ONLY  25  KTS.  THE  FINAL  WARNING  WAS  ISSUED  AT  050600Z. 

TILDA  WAS  CONSIDERED  UNUSUAL  BECAUSE  OF  HER  FAILURE  TO  CONFORM 
TO  CLIMATOLOGY  AND  HER  RELUCTANCE  TO  FOLLOW  NORMAL  FORECASTING  RULES, 

She  TRAVELED  1775  mi  in  8  days  at  an  average  speed  of  9.2  kts.  Her 
MAXIMUM  speed  WAS  13  KTS  FROM  270600Z  TO  271800Z  AND  THE  MINIMUM 
SPEED  OF  4  KTS  OCCURRED  DURING  THE  ERRATIC  TURN  ON  29  SEPTEMBER  1961, 

TILDA  CAUSED  DAMAGE  TO  OKINAWA  AND  POSSIBLY  TO  THE  ASIATIC  MAIN¬ 
LAND  S  OF  Shanghai.  The  typhoon  was  responsible  for  the  death  of  at 
LEAST  11  people,  MANY  INJURED  AND  DAMAGE  IN  EXCESS  OF  6  MILLION 
DOLLARS  TO  CROPS,  HOUSING  AND  EQUIPMENT,  BOTH  MILITARY  AND  CIVILIAN 

ON  Okinawa.  A  house  in  Naha  was  blown  from  its  foundations  to  a 
POINT  300  feet  AWAY,  KILLING  THE  FOUR  OCCUPANTS,  CERTAINLY  AN 
EXAMPLE  OF  THE  FURY  OF  TILDA.  OPERATION  TiEN  BiNG  {SKY  SOLOIEr) 
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WAS  CALLED  OEF  ON  TAIWAN  BECAUSE  OF  THE  TYPHOON.  Twr  LEBANESE  MER> 
CHANT  VESSEL^  ShEIKj  MANNED  BY  A  GREEK  CREW  WENT  AGROUND  ON  KiTA 

Oaito.Shima,  200  mi  E  of  Okinawa  as  a  result  of  the  typhoon,  causing 

THE  LOSS  OF  LIFE  OF  THE  CAPTAIN  AND  ENGINEERING  OFFICER.  THE  SHIP 
BROKE  IN  TWO  BECAUSE  OF  THE  HEAVY  SEAS  AFTER  BEING  DRIVEN  AGROUND. 

This  ship  was  joined  a  few  days  later  by  the  Pioneer  Huse,  as  a  re> 
SULT  OF  VIOLET. 


148 


3  OCT  61 
'•I”  TIME 
STC  ON 

100  HI  MARKS 
200  Ml  RANGE 
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LAND  RADAR 


FIX 


NOf 

TIME 

LAT. 

1 

270603Z 

19.0N 

2 

280845Z 

19. 5N 

3 

281333Z 

19.7H 

4 

290041 Z 

T9.5N 

5 

290420Z 

19. 8N 

6 

291412Z 

20. 7N 

7 

2921 20Z 

21 .6N 

8 

300800Z 

23.4N 

9 

302135Z 

24. 5N 

10 

010800Z 

24. 9H 

11 

012210Z 

25.3N 

12 

020300Z 

25. 5H 

13 

020600Z 

25. 6N 

14 

020900Z 

25  •  1  N 

15 

021330Z 

25.9N 

16 

021700Z 

26.0N 

17 

022230Z 

26.4N 

18 

030300Z 

27.  IN 

19 

030555Z 

27.0N 

20 

0315T0Z 

28.4H 

UNIT 
METHOD 
LONG.  &  ACCY 

145.0E  VAP61-P-U 

140.2E  VM1-R-03 

139.5E  USOA-R-U 

138. 3E  VH1-P-10 

138. 2E  VH1-P-10 

138.0E  VM1-R-10 

137.3E  56-P-01 

136.9E  VH1-R-05 

135.0E  VH1-R-05 

133.5E  VW1-R-05 

130.7E  56- P-03 

129, 8E  LND/RDR 

129.  IE  -LND/RDR 
128. 7E  LND/RDR 

127.6E  LND/RDR 

127.0E  LND/RDR 

126.1 E  56-P-05 

125.0E  LND/RDR 

124. 5E  LND/RDR 

123.2E  VM1-R-10 


AND  AIRCRAFT  FIXES  -  TYPHOON  TILDA 

MAX  MAX  MIN  MIN  700MB 

SFC  700MB  700MB  SLP  T/Td 

HNO  WND  HGT  MBS  (°C) _ EYE  CHARACTERISTICS 


CIRC  12  Ml  DIA 
15  Ml  DIA 


-  -  -  CIRC  14  Ml  DIA 

9055  -  -  CIRC  14  Ml  DIA 

-  -  - -  DIA  13  Ml 

7980  917  19/17  40  Ml  DIA 


40  Ml  DIA 
CIRC  37  Ml  DIA 


-  -  -  30  Ml  DIA 

120  105  8240  935  16/l6  CIRC  20  Ml  DIA 


DIA  70  Ml 


70  120  8470  944  17/17  CIRC  85  Ml  DIA 


nPHOON  TILDA  27  SEP-05  OCT  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT.  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

270600Z 

18. ON 

145.4E 

271200Z 

18. 6N 

144.2E 

271800Z 

19. IN 

142.9E 

280000Z 

19.4N 

141. 7E 

280600Z 

19. 6N 

140.7E 

281200Z 

19. 6N 

139.8E 

281800Z 

19.7N 

139. IE 

345-74’ 

290000Z 

19. 8N 

138. 6E 

327-98 

290600Z 

20. ON 

138.3E 

210-129 

291200Z 

20. 4N 

138.0E 

273-169 

291800Z 

21. IN 

137.7E 

267-215 

287-224 

300000Z 

22.0N 

137.3E 

223-165 

276-254 

300600Z 

22. 9N 

136. 8E 

207-196 

269-296 

301200Z 

23. 7N 

136.2E 

203-239 

242-295 

301800Z 

24. 3N 

135.4E 

140-192 

243-378 

010000Z 

24. 6N 

134. 7E 

..  222-89 

217-311 

010600Z 

24. 8N 

133.8E 

219-101 

211-306 

011200Z 

25.  IN 

132.8E 

058-256 

208-309 

011800Z 

25.2N 

131. 7E 

052-358 

113-292 

020000Z 

25.4N 

130. 3E 

037-127 

236-134 

020600Z 

25.6N 

129. IE 

033-139 

203-94 

021200Z 

25. 8N 

128. IE 

050-170 

053-720 

021800Z 

26.1  N 

126.9E 

049-179 

057-855 

030000Z 

26. 5N 

125.8E 

063-27 

056-505 

030600Z 

27.  IN 

124.7E 

343-36 

059-633 

031200Z 

27. 8N 

123.7E 

351-35 

068-520 

031800Z 

28. 7N 

122. 6E 

271-35 

033-356 

040000Z 

29. 3N 

121.9E 

245-96 

112-41 

040600Z 

29.8N 

121 .5E 

305-73 

343-47 

041200Z 

30. 3N 

121. IE 

306-97 

332-62 

041800Z 

30. 9N 

120.9E 

302-86 

307-104 

050000Z 

31. 6N 

121. 2E 

301-111 

260-213 

050600Z 

32. 3N 

122. 2E 

290-195 

301-226 

AVERAGE  24  HOUR  ERROR  137  Ml 
AVERAGE  48  HOUR  ERROR  312  Ml, 
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CHILDREN  LOOK  AT  OLD  SHIP  THAT  BATTLED  TILDA  AND  LOST.  OCTOBER  1961. 
(PACIFIC  STARS  AND  STRIPES) 


VIOLENT  WIND  AND  HEAVY  RAINS  BATTER  OKINAWA  AS  TILDA  PASSES  OKINAWA, 
OCTOBER  1961.  (PACIFIC  STARS  AND  STRIPES) 
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P.  TYPHOON  VIOLET  (040000Z-101800Z  OCTOBER  T96T) 

While  Typhoon  TILDA  was  moving  toward  Okinawa^  a  small  circu¬ 
lation  BEGAN  TO  APPEAR  SW  OF  MARCUS  ISLAND^  AND  BY  021800Z  IT  WAS 
WELL  ENOUGH  DEFINED  TO  MERIT  A  REQUEST  FOR  AN  INVESTIGATION.  BASED 
ON  A  REPORTED  SURFACE  WIND  OF  45  KTS>  THE  FIRST  TROPICAL  STORM  VIOLET 
WARNING  WAS  ISSUED  AT  040000Z. 

At  this  TIME  A  RIDGE  WITH  A  N-S  ORIENTATION  WAS  LOCATED  H  OF 
VIOLET,  MIDWAY  BETWEEN  THE  TWO  TYPHOONS,  VIOLET  AND  TILDA.  AT  FIRST 
VIOLET  WAS  UNABLE  TO  TRAVERSE  THIS  RIDGE  WHICH  EXTENDED  FROM  THE  SUR¬ 
FACE  THROUGH  500  MB.  INSTEAD  SHE  MOVED  TOWARD  THE  SW  AND  INTENSIFIED, 
REACHING  TYPHOON  STRENGTH  AT  APPROXIMATELY  04120QZ.  DURING  HER  IN¬ 
TENSIFICATION  PROCESS  VIOLET  ALSO  EXTENDED  VERTICALLY,  BECOMING 
DEFINITELY  CLOSED  AT  THE  300  MB  LEVEL  AT  051200Z.  AT  THC  SAME  TIME, 

A  SMALL  OUTORAFT  APPEARED  ON  THE  200  MB  MAP  IMMEDIATELY  SE  OF  VIOLET 
AND  RESULTED  IN  THE  FORMATION  OF  A  NEUTRAL  POINT  AT  THE  SAME  LEVEL 
DIRECTLY  OVER  THE  TYPHOON'S  CENTER.  VIOLET  THEN  DECELERATED  SLIGHTLY 
AND  STARTED  AN  ABRUPT  TURN  TOWARD  THE  NW  AS  THE  SUBTROPICAL  RIDGE 
SHIFTED  TO  THE  E,  VIOLET  CONTINUED  TO  INTENSIFY,  REACHING  HER  MAXI¬ 
MUM  STRENGTH  OF  180  KTS  FROM  070000Z  TO  071200Z,  SHE  THEN  STARTED  TO 
WEAKEN'  SLIGHTLY  AND  CONTINUED  TO  THE  NNW,  RECURVING  THROUGH  THE  RIDGE 
LINE  AT  ABOUT  28N.  SHE  CONTINUED  TO  FOLLOW  A  SMOOTH  PARABOLIC  TRACK 
AND  CROSSED  THE  BOSO  PENINSULA  30  Ml  E  OF  TOKYO  AT  ABOUT  092200Z, 

She  was  moving  at  a  speed  of  27  kts  at  this  time  and  still  had  maxi¬ 
mum  SUSTAINED  SURFACE  WINDS  OF  70  KTS,  AFTER  HER  BRUSH  WITH  LAND, 
VIOLET  RAPIDLY  COMMENCED  TO  ASSUME  EXTRATROP I  CAL  CHARACTERISTICS. 

The  final  warning  was  issued  at  101800Z  when  she  had  weakened  to  40 

KTS. 


VIOLET  WAS  UNUSUAL  IN  THAT  SHE  MOVED  STEADILY  TOWARD  THE  SW  FOR 
AT  LEAST  ONE  AND  ONE  HALF  DAYS, . BUT  OTHER  THAN  THAT,  SHE  WAS  QUITE 

NORMAL.  She  traveled  2050  mi  in  the  6  days  and  18  hours  that  warn¬ 
ings  WERE  BEING  issued.  HER  MINIMUM  SPEED  WAS  4  KTS  WHEN  SHE  MADE 
THE  TURN  FROM  A  HEADING  OF  SW  TO  THE  NW  AND  HER  MAXIMUM  SPEED  OF  31 
KTS  OCCURRED  AFTER  SHE  PASSED  TOKYO. 

As  Violet  approached  Guam  FROM  the  NE,  little  damage  occurred 

EXCEPT  FOR  SLIGHT  CROP  DAMAGE  AND  SOME  NERVOUSNESS  AMONG  THE  OCCU¬ 
PANTS  OF  THE  ISLAND.  AFTER  IT  COMMENCED  MOVING  TO  THE  NW  A  MER¬ 
CHANT  VESSEL,  THE  PIONEER  MUSE,  WAS  GROUNDED  ON  KiTA  DAITO  SHIMA, 
ONLY  A  FEW  MILES  FROM  THE  SHE  IK,  AND  BROKE  IN  TWO  THE  FOLLOWING  DAY 
DUE  TO  HEAVY  SEAS.  ThE  CREW  OF  THE  PIONEER  MuSE  WAS  RESCUED  BY  THE 
AMPHIBIOUS  ASSAULT  SHIP  PRINCETON  VIA  HELICOPTER.  ONLY  MINOR  DAM¬ 
AGE  OCCURRED  to  Japan  in  the  Tokyo  area,  due  to  gusty  winds.  Two 

DEATHS  WERE  ATTRIBUTED  TO  THE  TYPHOON  IN  JAPAN. 
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LAND  RADAR  AND  AIRCRAFT  FIXES-  TYPHOON  VIOLET 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
i  ACCY 

MAX 

SFC 

WNO 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

f^C) 

EYE  CHARACTERISTICS 

1 

0321 30Z 

19. 5N 

147.2E 

VM1-P-10 

45 

— 

997 

POORLY  DEFINED 

2 

040845Z 

18. 6N 

146. IE 

VMl-P-10 

45 

DEFINED  BY  SPIRAL  BANDS 

3 

0421 OOZ 

17. 3N 

145.1E 

56- P-01 

85 

70 

9860 

975 

15/08 

CIRC  DIA  25MI  HALL  CLDS  ALL  QUADS 

4 

050200Z 

16. 9N 

144. 9E 

56- P-03 

110 

70 

9740 

972 

16/11 

OIA  29MI 

5 

050700Z 

16. 7N 

144. 5E 

56- P-03 

110 

62 

9560 

970 

16/11 

CIRC  OJA  20  Ml 

6 

051245Z 

16.2N 

143. 9E 

VW1-R-03 

— 

mtmm 

DIA  l3Ml 

7 

060300Z 

16. 7N 

143.4E 

56- P-03 

65 

65 

9000 

946 

15/10 

CIRC  16MI  DIA 

8 

060630Z 

17.2N 

143. 2E 

56-P-02 

100 

75 

8670 

946 

17/12 

DIA  5  Ml 

9 

061330Z 

18. 2N 

142. 6E 

VH1-R-05 

••••«» 

... 

... 

DIA  11  Ml 

10 

0621 30Z 

19.1N 

141 .8E 

56-P-02 

190 

170 

7340 

898 

25/19 

HALL  CLDS  ALL  QUADS 

11 

070200Z 

19. 6N 

141 .2E 

56- P-02 

190 

160 

7260 

894 

27/21 

CIRC  5MI  DIA  HELL  DEFINED 

12 

070700Z 

20.2N 

140.8E 

56- P-02 

190 

160 

7130 

882 

29/23 

RADAR  EYE  DIA  10MI 

13 

071358Z 

21. 5N 

139.4E 

VW1-R-10 

— 

.... 

wmmtm 

CIRC  DIA  9  Ml 

14 

072200Z 

22. 5N 

138. 9E 

56-P-05 

125 

115 

7350 

908 

21/15 

CIRC  DIA  9  Mi 

15 

080400Z 

23.4N 

138. 3E 

56-P-02 

125 

110 

7580 

916 

17/15 

HELL  Defined  circ  dia  12  mi 

16 

081330Z 

25. 9N 

137. IE 

VWl-R-05 

— 

—  - 

.... 

... 

CIRC  DIA  10  Ml 

17 

081515Z 

26. 2N 

136. 9E 

VW1-R-05 

... 

CIRC  DIA  8  Ml 

18 

0821 45Z 

27. 2N 

136. 7E 

56- P-03 

125 

115 

8010 

930 

17/16 

CIRC  DIA  10  Ml 

19 

090300Z 

28. 5N 

136. 8E 

56- P-02 

130 

90 

8250 

940 

19/15 

CIRC  DIA  10  Ml  OPEN  S  &  H 

20 

091150Z 

31 .2N 

137. 9E 

VW1-R-10 

___ 

— 

.... 

— 

INDEFINITE  28  Ml  DIA 

21 

091500Z 

32.7N 

138. 3E 

VW1-R-10 

— 

— 

... 

CIRC  20  Ml  DIA 

LAND  RADAR  AND  AIRCRAFT  FIXES  >  TYPHOON  VIOLET  fCONT’Dl 


UNIT 

MAX 

MAX 

MIN 

MIN 

700MB 

FIX 

METHOD 

SFC 

700MB 

700MB 

SLP 

T/Td 

NOf 

TIME 

LAT. 

LONG. 

&  ACCY 

WND 

WND 

HGT 

MBS 

EYE  CHARACTERISTICS 

22 

0921 30Z 

34.3N 

139. 5E 

56- P-01 

80 

40 

9380 

973 

18/08 

NO  WALL  CLDS 

23 

100700Z 

39.0N 

142. 3E 

56- P-02 

100 

80 

9850 

16/12 

POORLY  DEFINED 

TYPHOON  VIOLET  04-10  OCT  1961 


POSITION 

AND  FORECAST 

VERIFICATION  DATA 

STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

DTG 

LAT. 

LONG. 

DEG.  DISTANCE 

DEG.  DISTANCE 

040000Z 

19.4N 

147. OE 

040600Z 

18. 8N 

146.4E 

041200Z 

18. 3N 

145. 8E 

041800Z 

17. 6N 

145.4E 

050000Z 

17. IN 

144. 9E 

025-175 

050600Z 

16. 6N 

144. 7E 

019-204 

051200Z 

16. 3N 

144. IE 

333-172 

051800Z 

16.3N 

143. 7E 

329-180 

060000Z 

16. 5N 

143. 5E 

210-117 

015-235 

060600Z 

17. IN 

143.2E 

187-170 

359-210 

061200Z 

17. 8N 

142. 8E 

172-195 

302-145 

061800Z 

18. 6N 

142.2E 

207-207 

294-186 

070000Z 

19.4» 

141 .4E 

1.90-235 

205-315 

070600Z 

20.  IN 

140. 9E 

157-275 

1 85-365 

071200Z 

20. 9N 

140. IE 

227-35 

171-415 

071800Z 

21. 8N 

139.4E 

218-65 

198-375 

080000Z 

22.7N 

138. 7E 

210-112 

194-442 

080600Z 

23. 8N 

137. 9E 

197-55 

171-510 

081200Z 

25.0N 

,  137.4E 

172-110 

150-220 

081800Z 

26.4N 

136. 8E 

223-55 

205-290 

090000Z 

27. 8N 

136. 7E 

142-142 

200-325 

090600Z 

29. 6N 

137. IE 

136-120 

190-180 

091200Z 

31. 5N 

137. 8E  . 

078-137 

192-325 

091800Z 

33. 6N 

138. 9E 

057-160 

194-255 

lOOOOOZ 

35. 8N 

140. 8E 

219-112 

173-335 

100600Z 

38.2N 

143. 3E 

049-120 

169-340 

101200Z 

39. 7N 

145.8E 

290-22 

050-330 

101800Z 

41  .ON 

147. 3E 

057-335 

060-435 

AVERAGE  24  HOUR  ERROR  146  Ml 
AVERAGE  48  HOUR  ERROR  312  Ml 
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SHIPPING  DAMAGE:  THE  PIONEER  MUSE  RAN  AGROUND  OF  KITA  DIATO  SHIMA  AS 
A  RESULT  OF  TYPHOON  VIOLET,  OCTOBER,  1961.  (RELEASED  BY  PACIFIC  STARS 
AND  STRIPES,  14  OCT  61 ) 


SHEIK  IS  BROKEN  IN  TWO  AFTER  RUNNING  AGROUND  ON  KITA  DIATO  SHIMA. 
OCTOBER  1961.  (RELEASED  BY  PACIFIC  STARS  AND  STRIPES,  14  OCT  61) 
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Q.  TYPHOON  BILLIE  (230000Z-280600Z  OCTOBER  1961) 

For  several  days  prior  to  23  October  an  extensive  area  of  low 

PRESSURE  HAD  BEEN  PRESENT  SOUTH  OF  GUAM.  AT  TIMES  IT  CONTAINED  AS 
MANY  AS  THREE  WELL  DEFINED  VORTICES.  OnE  CENTER  FINALLY  BECAME  PRE¬ 
DOMINANT  AND  THE  ENTIRE  SYSTEM  STARTED  TO  INTENSIFY.  WHEN  THE  FIRST 
TROPICAL  DEPRESSION  WARNING  WAS  ISSUED  AT  230000Z  THE  RADIUS  OF 
CYCLONIC  WINDS  ABOUT  THE  CENTER  EXCEEDED  1000  Ml. 

At  231200Z  the  system  was  upgraded  to  tropical  storm  intensity 

AND  THE  name  BILLIE  WAS  ASSIGNED.  INTENSIFICATION  CONTINUED  UNTIL 
241200Z  WHEN  THE  MAXIMUM  SURFACE  WIND  SPEED  OF  70  KTS  WAS  REACHED. 
6ILLIE*S  TRACK  UP  TO  THIS  TIME  SHOWED  THAT  SHE  HAD  TURNED  TO  THE  N 
FROM  A  HEADING  OF  U  AND  WAS  DESCRIBING  AN  ARC  ABOUT  GUAM  WITH  A 
RADIUS  OF  ABOUT  200  Ml.  FOR  THE  NEXT  THREE  DAYS  BILLIE  MOVED  IN  A 
NORTHERLY  DIRECTION  WHILE  MAINTAINING  THE  SAME  INTENSITY.  HER  RADIUS 
OF  CYCLONIC  WINDS  HAD  DECREASED  TO  APPROXIMATELY  750  Ml  AND  THEN 
REMAINED  NEARLY  CONSTANT  THROUGHOUT  THE  REST  OF  HER  TROPICAL  LIFE. 

The  EXTENSIVE  AREA  ENCOMPASSED  BY  BILLIE'S  CIRCULATION  WAS  MATCHED 
BY  THE  SIZE  OF  HER  EYE  WHICH  WAS  ALSO  OF  KING  SIZE  PROPORTIONS.  NO 
OTHER  TYPHOON  OF  1961  WAS  ABLE  TO  EQUAL  HER  EYE  DIAMETER  WHICH  AT  ONE 
TIME  MEASURED  120  X  180  Ml.  |N  THIS  RESPECT  AND  MANY  OTHERS  BILLIE 
WAS  VERY  similar  TO  TYPHOON  CARMEN  OF  AUGUST  1960. 

BILLIE  PASSED  50  Ml  E  OF  Chichi  Jima  at  approximately  270900Z, 
AND  SHORTLY  AFTERWARDS  WEAKENED  TO  TROPICAL  STORM  INTENSITY.  SHE 
ENCOUNTERED  THE  POLAR  FRONT  NEAR  32N  AT  APPROXIMATELY  280000Z  AND 
MERGED  WITH  A  LOW  PRESSURE  AREA  ASSOCIATED  WITH  IT.  ThE  FINAL  TRO¬ 
PICAL  WARNING  WAS  ISSUED  AT  280600Z  WHEN  THE  SYSTEM  WAS  DEFINITELY 
EXTRATROPICAL  BUT  STILL  HAD  50  KT  SURFACE  WINDS. 

BILLIE  TRAVELED  1500  Ml  OVER  A  PERIOD  OF  5  DAYS  AND  6  HOURS,  AT 
AN  AVERAGE  SPEED  OF  12  KTS.  THE  MINIMUM  SPEED  WAS  8  KTS  ON  23  OCTO¬ 
BER  AND  THE  MAXIMUM  SPEED  WAS  24  KTS  ON  THE  28  OCTOBER. 

BILLIE  DID  NOT  PASS  OVER  ANY  LARGE  LAND  MASSES  DURING  ITS  LIFE, 
THEREFORE  CREATED  LESS  DAMAGE  THAN  MIGHT  OTHERWISE  HAVE  BEEN  EX¬ 
PECTED.  As  THE  TYPHOON  NEARED  GUAM,  A  JAPANESE  FREIGHTER,  THE 

Fukazan  Maru,  a  7000  ton  freighter  laden  with  COPPER  ORE  FROM  Towns¬ 
ville,  Australia  enroute  to  Japan,  developed  a  leak  in  one  of  the 
HOLDS  AND  COMMENCED  TO  SINK  RATHER  SLOWLY.  THE  CREW  OF  47  WERE 
RESCUED  BY  THE  OOLLY  TURMAN  WITHOUT  INCIDENT,  WERE  TRANSFERRED  TO 
THE  USS  BrISTER,  and  TRANSPORTED  TO  GUAM.  ThE  TYPHOON  CREATED  STRONG 
WINDS  AND  CONSIDERABLE  RAINFALL  AT  IWO  JiMA  AND  OTHER  ISLANDS  BUT 
DAMAGE  WAS  NOT  REPORTED, 
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UM5  KABAl  AMD  AIKCKAPT  FIXIS  -  TYPHOON  BILLIE 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 

METHOD 

Sl  accy 

MAX 

SFC 

UND 

MAX 

700MB 

HND 

MIN 

700M8 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

(OC) 

EYE  CHARACTERISTICS 

1 

222347Z 

ip.OH 

144.0E 

YM1-P-15 

25 

1  1  M 

— 

LARGE  AREA  OF  LIGHT  AND  VARI¬ 
ABLE  HINDS 

2 

232240Z 

12.5N 

142.0E 

VH1-P-10 

50 

— 

9980 

990 

12/- 

40  Ml  DIA 

3 

241230Z 

14. IN 

141 .2E 

VM1-R«-15 

— 1 

— 

wmmmmt 

— 

INDEFINITE 

4 

250807Z 

17.9N 

142. IE 

VWl-P-10 

981 

WALL  CLDS  S  QUAD 

5 

251530Z 

18. 9N 

142. 3E 

VWl-P-15 

— 

.... 

974 

CIRC  100  Ml  DIA 

6 

25231 6Z 

20.2N 

142. 5E 

VHl-P-10 

65 

..— 

972 

152  X  86  Ml,  ORIENTED  023  DEG 

7 

260344Z 

20. 9N 

142.4E 

VM1-P-05 

-  9425 

961 

17/- 

180  X  120MI,  ORIENTED  NNE-SSH 

8 

261527Z 

23.1  N 

143.2E 

VH1-P-05 

..... 

... 

9290 

—  » 

16/- 

RADAR  EYE  155  X  105  Ml 

9 

262250Z 

24. 7N 

142.7E 

315-P-U 

35 

20 

9530 

••■•■ft 

16/- 

10 

271615Z 

29.0N 

145. IE 

VM1-P-20 

40 

9545 

16/- 

11 

272200Z 

31. IN 

144.3E 

315-P-02 

40 

20 

9500 

965 

13/— 

NO  DEFINITE  EYE,  DIA  50  Ml 

TYPHOON  BILLIE  23-28  OCT  1901 
POSITION  AND  FORECAST  VERIFICATION  DATA 


STORM  POSITION 

24  HR.  ERROR 

48  HR.  ERROR 

DTG 

LAT. 

DEG.  DISTANCE 

DEG-  DISTANCE 

230000Z 

10. 2N 

144. IE 

230600Z 

10. 7N 

143. 4E 

231200Z 

n.2N 

142. 8E 

231800Z 

11. 8N 

142. 3£ 

240000Z 

12. 6N 

141. 8E 

240600Z 

13.5H 

141 .4E 

241200Z 

14. 5N 

141 .3E 

208-277 

241800Z 

15. 6N 

141 .4E 

250-174 

250000Z 

16. 6N 

141 .7E 

241-241 

250600Z 

17. 6N 

141 .9E 

243-197 

251200Z 

18.411 

142. 2E 

240-236 

221-594 

251800Z 

19. 3N 

142.4E 

241-280 

252-416 

260000Z‘ 

20.4H 

142.4E 

252-157 

243-332 

260600Z 

21 .3N 

142. 6E 

252-170 

256-356 

261200Z 

22. 5N 

142. 6E 

278-37 

238-405 

261800Z 

23.1^ 

142. 8E 

263-61 

236-480 

270000Z 

24  .iN 

142.9E 

183-90 

244-291 

270600Z 

26. 3N 

143.0E 

198-67 

242-317 

271200Z 

27. 9N 

143. IE 

185-62 

213-135 

271800Z 

29. 7N 

143. 4E 

109-80 

215-152 

280000Z 

31. 8N 

143.9E 

128-115 

093-306 

280600Z 

33. 9N 

145. IE 

208-64 

140-295 

AVERAGE  24  HOUR  ERROR  144  HI 
AVERAGE  48  HOUR  ERROR  340  Mi 
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R.  TYPHOON  CLARA  (261200Z  OCTOBER  -  010600Z  NOVEMBER) 

The  origin  of  Typhoon  CLARA  can  be  traced  back  to  a  vortex  which 

ORIGINALLY  FORMED  ALONG  THE  ITCZ  NEAR  ENIWETOK  ATOLL  AND  WAS  DRIVEN  TO 
THE  N  BY  THE  VAST  CIRCULATION  OF  TYPHOON  BILLIE.  ThE  FIRST  WARNING 
WAS  ISSUED  AT  261200Z  WHEN  SURFACE  REPORTS  INDICATED  THAT  THE  SYSTEM 
HAD  INTENSIFIED  TO  TROPICAL  STORM  STRENGTH  AND  WAS  APPROXIMATELY  100 
Ml  S  OF  Wake  Island  moving  ENE  at  10  kts.  This  easterly  movement  was 

PROBABLY  CAUSED  BY  THE  COMBINED  FORCES  OF  AN  ANTICYCLONE  LYING  TO  THE 
SW  OF  CLARA  AND  AN  EXTRATROPICAL  CYCLONE  SITUATED  TO  HER  NE. 

The  EHE  movement  of  CLARA  continued  for  another  18  hours  during 

WHICH  TIME  SHE  INTENSIFIED  TO  TYPHOON  STRENGTH,  BETWEEN  270000Z  AND 
280000Z  THE  700  MB  LEVEL  OVER  CLARA  UNDERWENT  A  SIGNIFICANT  CHANGE. 

The  ANTICYCLONE  TO  THE  SW  WEAKENED  AND  QUICKLY  DISAPPEARED,  WHILE 
ANOTHER  OUTDRAFT  WHICH  HAD  BEEN  LOCATED  FAR  TO  THE  NW  OF  CLARA  SHIFTED 
EASTWARD  AND  REPOSITIONED  ITSELF  N  OF  CLARA.  BETWEEN  270600Z  AND 
271200Z  CLARA  executed  a  clockwise  turn  of  180  degrees  and  started 
BACK  towards  THE  W.  SHE  RECROSSED  HER  TRACK  AT  280000Z  AND  PASSED 
50  Ml  S  OF  Wake  Island  at  280600Z  while  on  a  heading  of  270  degrees. 
She  weakened  to  slightly  less  than  typhoon  strength  at  281800Z  and 

STARTED  FOLLOWING  A  LOW  AMPLITUDE  SINUSOIDAL  TRACK  TOWARDS  THE  WMW. 
CLARA  CONTINUED  TO  GRADUALLY  WEAKEN  AND  DROPPED  BELOW  TROPICAL  STORM 
INTENSITY  WHILE  PASSING  S  OF  MARCUS  ISLAND  AT  301800Z.  SHE  CONTINUED 
TO  THE  W  FOR  ANOTHER  12  HOURS,  THEN  STARTED  A  SWEEPING  TURN  TO  THE 

H,  She  rapidly  became  extratropical  after  encountering  the  polar 
FRONT,  AND  THE  FINAL  WARNING  WAS  ISSUED  AT  010600Z, 

CLARA  TRAVELED  1650  Ml  IN  THE  5  DAYS  AND  18  HOURS  THAT  WARNINGS 
WERE  BEING  ISSUED.  HER  MINIMUM  SPEED  WAS  5  KTS  ON  27  OCTOBER  AND 
HER  MAXIMUM  SPEED  WAS  17  KTS  ON  31  OCTOBER.  ShE  WAS  ONE  OF  THREE 
TYPHOONS  THAT  LOOPED  DURING  THE  196^  SEASON,  AND  THE  ONLY  ONE  TO 
PERFORM  THE  MANEUVER  IN  A  CLOCKWISE  DIRECTION.  DAMAGE  REPORTS  WERE 
NOT  RECEIVED  BY  JTWC,  HOWEVER  POSSIBLE  DAMAGE  COULD  HAVE  OCCURRED 
TO  SHIPPING  OR  SMALL  ISL'^NDS, 
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19-N - 

28/06 


BEST  TRACK 
TYPHOON  CLARA 


N5ITY 

/0600Z 

60 

KTS 

/1200Z 

65 

KTS 

/1800Z 

70 

KTS 

/0600Z 

75 

KTS 

r|.E 

LAND  RADAR  AND  AIRCRAFT  FIXES  *  TYPHOON  CURA 


FIX 

NOf 

TIME 

LAT- 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

MND 

MAX 

700MB 

MND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/Td 

f^C) 

EYE  CHARACTERISTICS 

1 

2 

270240Z 

271930Z 

19.0N 
18. 6N 

169. 2E 
168. 6E 

VW1-P-U 

VH1-P-05 

60 

75 

15  Mi  DIA  OPEN  SH  &  NW 

15  Mi  DIA  OPEN  W 

984 

290230Z 

291720Z 

20. IN 

21 .9N 

163. 4E 
159. 5E 

VW1-P-05 

VW1-R-15 

65 

994 

CIRC  15  Ml  DIA 

o 

/I 

H 

c 

300039Z 

302200Z 

21. IN 
23.4N 

158. 2E 
152.8E 

VH1-P-15 

VW1-P-15 

40 

30 

1003 

999 

70  Ml  DIA  OPEN  E  i  N 

20  Mi  DIA;  NO  RADAR  PRESENTATION 

O 

6 

7 

310530Z 

23.5N 

150. 5E 

VH1-P-U 

25 

10290 

SCATTERED  CB 

TYPHOON  CLARA  26-OCT-OT-NQV  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT-  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

261200Z 

17.9N 

167.1E 

261800Z 

18. 5N 

167. 9E 

270000Z 

18. 9N 

168. 8E 

270600Z 

19. IN 

169.3E 

271200Z 

18. 8N 

169. 5E 

241-165 

271800Z 

18. 7N 

168. 8E 

234-102 

280000Z 

16. 5N 

167.9E 

062-197 

280600Z 

18.4N 

166.7E 

069-317 

281200Z 

18. 6N 

165.6E 

080-325 

082-165 

281800Z 

19. IN 

164.7E 

097-282 

091-245 

290000Z 

19. 8N 

163.8E 

141-180 

085-585 

290600Z 

20.4N 

162.7E 

148-239 

083-710 

291200Z 

20. 8N 

161 .4E 

173-284 

080-325 

291800Z 

20. 9H 

159. 9E 

171-262 

109-201 

300000Z 

21 .3H 

158.4E 

167-277 

156-355 

300600Z 

22  .ON 

157.0E 

054-147 

155-428 

301200Z 

22. 9N 

155.6E 

054-155 

165-492 

301800Z 

23.4N 

153.9E 

057-207 

159-405 

310CX)OZ 

23.4N 

152. 2E 

337-63 

153-410 

310600Z 

23.6N 

150. 3E 

148-92 

050-367 

311200Z 

24. ON 

148. 8E 

144-95 

052-430 

311800Z 

24. 8N 

147. 8E 

149-112 

053-462 

010000Z 

25.8N 

147.3E 

222-12 

353-65 

010600Z 

26. 8N 

147. 3E 

240-53 

189-127 

AVERAGE  24  HOUR  ERROR  178  Ml 
AVERAGE  48  HOUR  ERROR  361  Ml 


171 


24  HR  FORECAST  POSITS 
TYPHOON  CLARA 
BLOW  IP 

27/OOOOZ  T028>0600Z  OCT  1961 


I70»E  17  PE 


S,  TYPHOON  DOT  {090000Z-151800Z  NOVEMBER  1961) 

On  8  November  a  series  of  pilot  ref^orts  along  the  Guam-Wake 
Island  track  disclosed  the  existence  of  an  area  of  severe  weather. 

A  subsequent  reconnaissance  investigation  substantiated  this  and 

FOUND  THE  SOURCE  OF  POOR  WEATHER  TO  BE  A  FULLY  DEVELOPED  TYPHOON. 

The  name  DOT  was  assigned  and  the  first  warning  was  issued  at 
090000Z.  It  is  doubtful  that  DOT  would  have  been  detected  even  at 

THIS  ADVANCED  STAGE^  HAD  SHE  NOT  FORMED  NEAR  A  ROUTE  USED  BY  TRANS¬ 
PACIFIC  AIRCRAFT.  Even  at  the  time  the  first  warning  was  ISSUED, 
THERE  WAS  LITTLE  EVIDENCE  ON  ANY  SYNOPTIC  CHART  THAT  WOULD  SUPPORT 
A  SYSTEM  OF  THIS  INTENSITY. 

dot's  track  for  the  first  two  days  of  her  warning  life  was  a 

NEARLY  STRAIGHT  LINE  TOWARDS  THE  W.  WHILE  SHE  WAS  MOVING  IN  THIS 
DIRECTION,  THE  SUBTROPICAL  RIDGE  LINE  STARTED  TO  SLOPE  PROGRESSIVELY 
MORE  TOWARD  THE  S.  BY  110000Z  THE  SLOPE  HAD  BECOME  QUITE  PRONOUNCED, 
WITH  THE  RIDGE  AXIS  LOCATED  10  DEGREES  N  OF  DOT  AT  THE  SURFACE  AND  5 
DEGREES  S  OF  HER  AT  200  MB.  AT  THIS  TIME  DOT  REACHED  HER  MAXIMUM 
INTENSITY  OF  140  KTS  AND  STARTED  A  GRADUAL  TURN  TOWARD  THE  N.  SHE 
WEAKENED  SLIGHTLY,  AND  AT  120000Z  SHOWED  A  SUDDEN  INCREASE  IN  CUR¬ 
VATURE,  COMPLETING  A  TURN  OF  90  DEGREES  IN  THE  NEXT  12  HOURS.  THIS 
WAS  APPARENTLY  CAUSED  BY  A  TROUGH  PASSING  N  OF  THE  TYPHOON  AND  THE 
SUBSEQUENT  SOUTHERLY  MOVEMENT  OF  THE  WESTERN  PORTION  OF  THE  RIDGE 

LINE.  After  this  sharp  recurvature,  DOT  continued  in  another  near 

STRAIGHT  LINE  THIS  TIME  TOWARDS  THE  EME.  SHE  FOLLOWED  THIS  TRACK 
FOR  THREE  DAYS  WHILE  SLOWLY  ACCELERATING.  DOT  WEAKENED  TO  STORM 
INTENSITY  AT  141800Z  AND  CONTINUED  WEAKENING  SLOWLY  UNTIL  151800Z 
WHEN  THE  FINAL  WARNING  WAS  ISSUED. 

DOT  WAS  CHARACTERIZED  BY  HER  UNUSUALLY  SHALL  SIZE  DURING  THE 
FORMATIVE  STAGES  WHICH  ENABLED  HER  TO  REACH  TYPHOON  INTENSITY  BEFORE 
BEING  DETECTED.  HER  TRACK  OF  TWO  NEARLY  STRAIGHT  LINES  MEETING  AT 
AN  ANGLE  OF  APPROXIMATELY  150  DEGREES  WAS  ALSO  FAR  FROM  NORMAL.  ShE 
TRAVELED  2425  Ml  AT  AN  AVERAGE  SPEED  OF  1 5  KTS  DURING  THE  6  DAYS  AND 
18  HOURS  OF  HER  WARNING  LIFE,  ThE  SPEEDS  VARIED  FROM  4  KTS  ON  12 
November  to  35  kts  on  15  November.  DOT  did  not  pass  over  any  large 
LAND  MASS  WHILE  A  TYPHOON.  ShE  PASSED  BETWEEN  PAGAN  AND  AlAMAGAN 
Islands  at  101000Z  causing  damage  to  Alamagan  Island  that  was  classed 
AS  substantial. 
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LAND  RADAR  AND  AIRCRAFT  FIXES  -  TYPHOON  DOT 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 
METHOp 
&  ACCY 

MAX 

SFC 

WND 

MAX 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

(k) 

EYE  CHARACTERISTICS 

1 

082100Z 

17.2N 

154.0E 

VHl-R-10 

—  MM 

MMMM 

MMM 

CIRC  16Mt  OIA  WELL  DEVELOPED 
SPIRAL  BANDS  ALL  QUADS 

2 

082307Z 

16. 8N 

152.8E 

USAF-U-U 

_ 

3 

090530Z 

17.5N 

151 .7E 

VM1-P-10 

125 

982 

OVAL  17  X  SMI  PERFECT  EYE 

4 

090628Z 

17.8N 

151.4E 

USAF>U-U 

«»«»«» 

— — 

20MI  OIA 

5 

090810Z 

17.6N 

150.2E 

USAF-R-U 

— 

— 

— — 

... 

20MI  OIA 

6 

100010Z 

17.9N 

147.9E 

VMl-R-03 

m^m 

MM«» 

MMMM 

mmm 

CIRC  19MI  OIA 

7 

1Q0430Z 

17.9H 

146. 9E 

VWl-R-02 

MMMM 

MMM 

OVAL  19  X  15MI 

8 

100630Z 

101345Z 

17.7N 
17. 9N 

146. 6E 
145.0E 

VH1-R.U 

VM1-R-01 

—  —  _ 

■  M- 

9 

^'«M 

MMMM 

MMM 

CIRC  13MI  OIA 

10 

102200Z 

18.0N 

143,6E 

56-P-04 

80 

117 

7960 

930 

19/13 

CIRC  10MI  OIA  HALL  CLDS  ALL  QUADS 

IT 

110545Z 

18. 5N 

142. IE 

VW1-R-05 

«««• 

MMM 

MMMM 

MMM 

CIRC  22MI  OIA,  HELL  DEFINED 

12 

110655Z 

18. 2N 

142.0E 

56-P-10 

100 

— 

7980 

922 

16/16 

24MI  OIA,  NOT  WELL  DEFINED 

13 

111335Z 

18. 9N 

141. 3E 

VWi-R-02 

— 

... 

.... 

— 

OVAL  NNE-SSH  20X1 8MI 

14 

112200Z 

19.5N 

140. 5E 

56- P-04 

135 

100 

8270 

932 

18/15 

CIRC  20MI  DIA  HALL  CLDS  ALL  QUADS 

15 

120035Z 

19.5N 

140. 5E 

VH1-R-02 

' 

MMM 

MMMM 

MMM 

OPEN  S  SEMICIRC  22MI  OIA 

16 

120400Z 

19.9N 

140. 3E 

56- P-04 

150 

115 

8490 

931 

15/15 

CIRC  25MI  OIA 

17 

121400Z 

20. 6N 

140. 7E 

VMl-R-03 

... 

.... 

MMM 

CIRC  12MI  DIA 

18 

122200Z 

21 .2N 

141. 8E 

56- P-02 

100 

—  - 

8930 

958 

16/16 

NOT  DEFINED 

19 

130445Z 

22. 3N 

142. 6E 

56- P-05 

100 

85 

9000 

960 

17/13 

NOT  DEFINED 

20 

131200Z 

22. 8N 

144. 8E 

VH1-R-03 

- — 

— ■ 

MMMM 

'... 

CIRC  64MI  DIA  OPEN  E  &  W 

TYPHOON  DOT  09-15  MOV  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


OTG 

STORM  POSITION 

LAT.  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCE 

090000Z 

17.3M 

152.8E 

090600Z 

17,6N 

151 .6E 

091200Z 

17.7N 

150.3E 

091800Z 

17,8N 

149. IE 

100000Z 

17.8M 

/l47.9e 

062-210 

100600Z 

17.8M 

i  146.7E 

076-93 

101200Z 

17.9M 

'145.5E 

079-110 

101800Z 

18.0N 

'144.2E 

077-105 

110000Z 

18.2N 

143.2E 

078-155 

058-465 

110600Z 

18.3N 

142.3E 

193-41 

260-129 

111200Z 

18. 8N 

141 .4E 

221-102 

260-165 

111800Z 

19.3M 

140.8E 

239-118 

264-191 

120000Z 

19.6N 

140.4E 

247-112 

223-143 

.120600Z 

20.0N 

140.4E 

259-161 

233-206 

121200Z 

20.4M 

140.6E 

281-210 

267-266 

121800Z 

20. 9N 

141. 2E 

270-183 

275-353 

130000Z 

21. 5N 

142.0E 

287^204 

265-396 

130600Z 

22. 2N 

143. 2E 

283-203 

272-455 

131200Z 

22.9N 

144. 7E 

286-261 

285-448 

131800Z 

23.7N 

146. 3E 

290-222 

265-501 

140000Z 

24. 5N 

148.0E 

341-203 

294-416 

140600Z 

25.4N 

150. IE 

284-110 

302-367 

141200Z 

26.4N 

152.6E 

291-89 

308-395 

141800Z 

27. 4  M 

155.3E 

285-65 

313-314 

150000Z 

28. 7N 

158. 5E 

275-102 

295-216 

150600Z 

30.1N 

162. 2E 

248-100 

250-190 

151200Z 

31. 3N 

165.4E 

227-41 

280-245 

151800Z 

32.4H 

168. IE 

225-103 

275-225 

AVERAGE  24  HOUR  ERROR  138  Ml 
AVERAGE  48  HOUR  ERROR  304  Ml 
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T.  TYPHOON  ELLEN  (050600Z-131800Z  DECEMBER  1961) 


Typhoon  ELLEN's  origin  was  the  same  as  that  of  several  late 

SEASON  CYCLONES  WHICH  DIO  NOT  DEVELOP  TO  STORM  INTENSITY,  IT  CAN 
BE  TRACED  BACK  TO  THE  VICINITY  OF  TRUK  ISLAND,  WHERE  THERE  WAS 
SUFFICIENT  DATA  TO  SUPPORT  THE  EXISTENCE  OF  A  CLOSED  CIRCULATION. 

As  IT  MOVED  WESTWARD  INTO  THE  ”nO  DATA**  AREA  S  OF  GUAM,  ITS  PRESENCE 
COULD  ONLY  BE  SUBSTANTIATED  BY  PERSISTENCY.  MANY  SIMILAR  CYCLONES 
HAVE  FAILED  TO  REAPPEAR  IN  THE  YAP-KorOR  AREA,  BUT  THIS  WAS  NOT  THE 
CASE  WITH  ELLEN.  She  arrived  in  the  western  Carolines  "on  schedule" 
WITH  A  WELL  DEFINED  CIRCULATION  OF  SLIGHT  INTENSITY,  ThE  FIRST 
TROPICAL  DEPRESSION  WARNING  WAS  ISSUED  AT  0506002  WHEN  THE  SYSTEM 
SHOWED  SIGNS  OF  POSSIBLE  DEVELOPMENT, 

Tropical  depression  warnings  were  continued  for  two.  days  while 

THE  SYSTEM  BECAME  PROGRESSIVELY  MORE  WELL  DEFINED,  FINALLY  AT 

070600Z  THE  FIRST  Tropical  Storm  ELLEN  warning  was  issued  based  on 
A  RECONNAISSANCE  FIX  WHICH  REPORTED  45  KT  SURFACE  WINDS.  ELLEN 
THEN  INTENSIFIED  RAPIDLY  REACHING  TYPHOON  STRENGTH  AT  071200Z  AND 
ATTAINED  HER  MAXIMUM  INTENSITY  OF  130  KTS  AT  081200Z.  SHE  HAD  BEEN 
MOVING  IN  A  NEARLY  STRAIGHT  LINE  TOWARD  THE  WNW  UNTIL  THIS  TIME. 

She  passed  near  Catanduanes  Island  shortly  after  090000Z  and  then 
TURNED  TOWARDS  THE  NNE.  AFTER  THIS  TURN,  ELLEN^S  TRACK  BECAME 
IRREGULAR,  SHOWING  SEVERAL  MINOR  HEADING  CHANGES  WHILE  MAINTAINING 
A  CONSTANT  6  KT  SPEED  OF  MOVEMENT.  THIS  IS  CONSIDERED  TYPICAL  OF 
A  TYPHOON  WHICH  RECURVES  THROUGH  THE  SUBTROPICAL  RIDGE  LINE  INTO  AN 
AREA  OF  WEAK  ZONAL  FLOW.  AFTER  REI NTENS I FYI NG  TO  125  KTS  ELLEN 
STARTED  TO  WEAKEN,  DROPPING  BELOW  TYPHOON  INTENSITY  AT  121200Z  AND 
DISSIPATING  ENTIRELY  SHORTLY  AFTER  131800Z, 

A  TOTAL  OF  35  WARNINGS  WERE  ISSUED  COVERING  A  PERIOD  OF  8  DAYS 
AND  12  HOURS,  During  this  period,  ELLEN  traveled  1400  mi  at  an 
AVERAGE  SPEED  OF  7  KTS.  HER  MAXIMUM  SPEED  WAS  12  KTS  ON  5  DECEMBER 
AND  THE  MINIMUM  SPEED  OF  3  KTS  OCCURRED  DURING  RECURVATURE  ON  9 

December. 

ELLEN  PASSED  WITHIN  10  Ml  OF  THE  N  TIP  OF  CATANDUANES  ISLAND, 
The  eye  of  the  typhoon  was  36  mi  in  diameter  at  that  time,  there¬ 
fore  THE  Coast  Guard  Loran  Station  on  the  island  received  the  im¬ 
pact  OF  THE  STRONG  WINDS  ASSOCIATED  WITH  THE  WALL  CLOUD  TWICE, 

NEWS  RELEASES  INDICATED  THE  PROPERTY  DAMAGE  TO  BE  ABOUT  $500,000. 

The  Loran  Station  made  preparations  for  the  passage  on  7  and  8 
December,  and  because  of  this,  injuries  to  personnel  were  minimized. 
One  entry,  in  the  letter  describing  the  typhoon  passage,  made  at 
1800,  indicates  the  final  preparations  prior  to  typhoon  winds; 

"1800,  8  December  1961  (N,  33  kts,  29,58")  All  hands  moved  to 
Signal-Power  Building.  Secured  lower  station  except  for  power  (hot 
lockers,  fuel  and  water  pumps),  fresh  water,  and  fuel  oil  connec¬ 
tions.  Truck  parked  between  water  tani^s  and  Signal-Power  Building." 
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A  DESCRIPTION  or  THE  PASSAGE  OF  THE  TYPHOON  IS  AS  FOLLOWS: 

A,  2400,  8  December  1961  (HE,  45-65  kts,  29.43")  Crack  between 

ROOF  JOINT  OF  SIGNAL  ROOM  AND  POWER  ROOM  OPENED,  LEAKS  NECESSITATE 
MOVING  ALL  EEE  GEAR  ON  BULKHEAD  SHELF  OF  THE  HOT  LOCKER  TO  OTHER 
SHELVES, 

B,  0100,  9  December  1961  (N,  45^65  kts,  29,40")  Secured  out¬ 
side  TEMPERATURE  READINGS  DUE  TO  HIGH  WINDS.  WATER  BEING  DRIVEN 
THROUGH  COMMUNICATIONS  TRANSMITTING  ANTENNA  LEAD-IN  TERMINAL  BOARD 
AND  THROUGH  LORAN  TRANSMITTER  VENT  DUCTING  INTO  THE  HORTH  END  OF 

BUILDING.  Established  bucket  brigade.  Water  is  running  onto  power 

DISTRIBUTION  AND  SWITCH  BOXES  BELOW  THESE  ENTRY  POINTS. 

c,  0303,  9  December  1961  (HUE,  62-85  kts,  29.22")  Observed  no 
PULSE  ON  PEDESTAL,  USWR  AT  10:1  AND  TRANSMITTER  LINE  CURRENT  AT  1,9 
AMPS.  Secured  loran  transmission.  Reported  antenna  down.  (Later 

DISCOVERED  THAT  ANTENNA  WAS  NOT  DOWN,  BUT  SEAS  HAD  WASHED  OVER 
COUPLERS  AND  SHORTED  AND  GROUNDED  THEM.) 

D.  0335,  9  December  1961  (up  to  100  kts,  29.11")  Anemometer 

IMPELLER  GONE.  RAIN  AND  SPRAY  DRIVING  HORIZONTALLY.  NORTH  WALL 
CONTINUES  TO  LEAK.  SIDE  DOOR  TO  SIGNAL  ROOM  BEGAN  POUNDING  TO 
EQUALIZE  PRESSURE.  ATTEMPTED  TO  SECURE. WITH  NAILS  AND  LINE  FROM 
INSIDE. 

E.  0558,  9  December  1961  (M,  120  to  140  kts  est.,  28.80") 
Household  generator  load  very  erratic.  Secured  power  to  lower 
STATION.  (Later  determined  that  this  is  time  when  office  building 

WAS  DESTROYED.)  SIDE  DOOR  CONTINUES  TO  POUND  THOUGH  SECURED. 

F.  0715,  9  December  1961  (N,  120  to  150  kts  est.,  28.51") 

Large  generator  room  doors  burst  open.  Closed,  barred,  and  nailed 

THEM  SHUT.  ADDED  NAILS  AND  LINE  TO  SIDE  DOOR.  STILL  SECURE. 

*  G,  0735,  9  December  1961  (H,  120  to  150  kts  est.,  28.17") 

Light  switch  in  passageway  shorted  by  water  from  roof,  caught  fire 
AND  burned  itself  OUT  BEFORE  C02  WAS  BROUGHT  ON  IT,  ISOLATED  SWITCH 
AND  REPAIRED  IT. 

H,  0800,  9  December  1961  (N,  120  to  150  kts  est.,  28.15")  All 

COMMUNICATIONS  ANTENNA  DOWN.  CONNECTED  LORAN  RECEIVING  ANTENNA  TO 
COMMUNICATIONS  RECEIVER.  UNABLE  TO  TRANSMIT. 

I,  0915,  9  December  1961  (Variable,  30  kts  est.,^  28,07")  .Light 

WINDS  AND  RAIN,  SKY  SLIGHTLY  OVERCAST.  DISPATCHED  TWO  TEAMS  TO 
ROUND  UP  NATIVES  WHO  DIO  NOT  COME  UP  TO  SiGNAL-POWER  BUILDING  BE¬ 
FORE  STORM.  Teams  brought  back  approximately  40  people.  Observed 

DAMAGE  TO  LOWER  STATION. 
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J.  1000,  9  December  1961  (Light  winds,  28,01")  Lowest  barome¬ 
tric  PRESSURE  OBSERVED.  SEAS  ARE  BREAKING  OVER  ENTIRE  ANTENNA  FIELD. 

K.  1130,  9  December  1961  (M,  50  to  70  kts  est.,  28.38")  Eve 

PASSED  AND  WINDS  INCREASED  DRIVING  RAIN  AND  SPRAY.  OPENED  EAST  WIN¬ 
DOW  TO  OBSERVE  WAVE  ACTION  ON  ANTENNA  FIELD.  WAVES  ROLLING  IN  AS 
FAR  AS  LORAN  RECEIVING  HILL,  CaN  SEE  THAT  LORAN  TRANSMITTING  ANTENNA 
IS  STILL  UP. 

L.  1430,  9  December  1961  (W,  130  to  160  kts  est.)  Wind  much 

STRONGER  SECOND  HALF.  GENERATOR  ROOM  WEST  DOOR  BURST  OPEN  AND  TORE 

OFF.  Pressure  now  equalized.  Door  to  generator  exhaust  hot  room 

ALSO  GONE. 

M.  1800,  9  December  1961  (W,  30  to  50  kts  est.,  29;18")  Believe 
typhoon  passed.  Due  to  darkness  and  ousting  winds,  not  attempting 

OUTSIDE  REPAIRS  UNTIL  DAYBREAK.  REMAINING  IN  SiGNAL-POWER  BUILDING 
OVERNIGHT. 

N.  0600,  10  December  1961  (W,  8  to  30  kts,  29,50")  Observed 
DAMAGE.  Began  repairing  loran  couplers  and  restringing  transmitting 

ANTENNAS. 

o,  0653,  10  December  1961  (W,  10  to  30  kts,  29.51")  Resumed 
communications  with  Sanglcy  Point. 

p.  1230,  10  December  1961  (SW,  10  kts,  29.62")  Resumed  loran 
transmissions. 

Damage  was  extensive,  including  the  electrical,  water  and  sewage 

SYSTEMS,  AND  NEARLY  ALL  BUILDINGS  AND  VEHICLES.  THE  DAMAGE  WAS  DUE 
TO  HIGH  WINDS,  FLYING  OBJECTS,.  FLOODING  AND  RAIN.  IN  MANY  CASES 
SEVERAL  FEET  OF  SAND  REMAINED  BEHIND  TO  BE  REMOVED  LATER. 
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lAND  _RADAR  JLND ■  AIRCRAFT.,^  TYPHOON_ELLEN 


FIX 

NO, 

TIME 

LAT. 

LONG. 

UNIT 
METHOD 
&  ACCY 

MAX 

SFC 

WNO 

MIN 

700MB 

WND 

MIN 

700MB 

HGT 

MIN 

SLP 

MBS 

700MB 

T/To 

f°c) 

EYE  CHARACTERISTICS 

1 

0501 OOZ 

07. 5M 

137.8E 

VM1-P-10 

22 

— 

... 

80MI  DIA  WELL  DEVELOPED  FEEDER  BANDS 

2 

060400Z 

09.8N 

133.1E 

VW1-P-05 

30 

tmmtsm 

9970 

995 

12/11 

CIRC  15MI  DIA  POORLY  DEFINED 

3 

07031 6Z 

11.4N 

129.9E 

VWl-P-05 

45 

9980 

988 

12/12 

CIRC  24MI  DIA  OPEN  N  &  S 

4 

072245Z 

12.4H 

127.5E 

56- P-05 

100 

90 

9280 

19/11 

CIRC  25MI  DIA 

5 

080056Z 

12.7N 

127.1E 

VW1-R-05 

CIRC  23MI  DIA 

6 

080400Z 

12.9N 

126. 8E 

56-P-05 

100 

70 

9120 

19/14 

NOT  WELL  DEFINED 

7 

081200Z 

13.5N 

125.9E 

VW1-R-02 

— 

... 

..— 

... 

CIRC  33MI  DIA  WALL  CLDS  ALL  QUADS 

8 

090300Z 

14.2N 

124.2E 

56- P-02 

85 

90 

8520 

945 

23/23 

CIRC  36Mr  DIA  OPEN  SE 

9 

091445Z 

14. 7N 

123.8E 

VW1-R-05 

— 

■iiwi 

—  —  1 

— 

CIRC  28MI  DIA 

10 

100120Z 

15.7N 

124.0E 

56- P-03 

60 

70 

8930 

956 

15/02 

CIRC  20MI  DIA  WELL  DEFINED 

11 

101400Z 

16,0H 

124. 3E 

VW1-R-03 

... 

WM 

ELL  IP  NW-SE  35  X  29  Ml 

12 

102230Z 

16. 9N 

124. 5E 

56- P-02 

150 

105 

8740 

19/12 

ELLIP  E-W  25  X  35  Ml 

13 

110300Z 

17. 2N 

124. 6E 

56- P-01 

150 

95 

8760 

— 

19/14 

CIRC  40MI  DIA 

14 

111400Z 

18.1N 

125.2E 

VWl-R-01 

... 

1  —  — 

— 

EYE  SPLIT  INTO  HALF  SEMICIRCLES 

N  HALF  CLOSING,  S  HALF  DSPT6 

15 

112235Z 

18.7N 

125.8E 

56-P-02 

140 

90 

9390 

... 

16/09 

OPEN  W  &  S  ORIENTED  E-W  25  X  20  Ml 

16 

120430Z 

19.2N 

126.3E 

56-P-02 

175 

70 

9530 

980 

13/12 

NOT  DEFINED  ON  RADAR,  SOFT  HAIL 

IN  EYE 

17 

121330Z 

20.2M 

126.0E 

VWl-R-05 

— 

... 

10MI  DIA  OPEN  $ 

18 

130200Z 

20.4N 

127.1E 

56-P-02 

30 

20 

10300 

1009 

12/07 

NOT  DEFINED 

19 

131312Z 

20.0N 

126.8E 

VWl-P-05 

... 

... 

10290 

■1  »■  ■■ 

CENTER  25MI  E-W  30MI  N-S,  MO  WALL 
CLDS 

TYPHOON  ELLEN  05-13  DEC  1961 
POSITION  AND  FORECAST  VERIFICATION  DATA 


DTG 

STORM  POSITION 

LAT.  LONG. 

24  HR.  ERROR 

DEG.  DISTANCE 

48  HR.  ERROR 
DEG.  DISTANCI 

0506002 

08.  ON 

136. 8E 

051 2002 

08. 5N 

135.7E 

0518002 

09. ON 

134.7E 

0600002 

09.5N 

133.7E 

0606002 

lO.ON 

132. 8E 

0612002 

10.4N 

132.0E 

0618002 

10. 8N 

131 .2E 

0700002 

11. 2N 

1X.3E 

0706002 

11. 6N 

129.5E 

0712002 

11. 9N 

128.7E 

0718002 

12.2N 

128.0E 

0800002 

12. 6N 

127. 3E 

0806002 

13.0N 

126. 6E 

294-37 

0812002 

13.5N 

125. 9E 

270-15 

081 8002 

13.8N 

125.2E 

310-11 

0900002 

14.0N 

124. 5E 

132-28 

0906002 

14.3M 

124.0E 

OX-7 

287-33 

0912002 

14. 6N 

123. 8E 

312-20 

299-51 

0918002 

14. 9N 

123. 7E 

298-74 

285-68 

1000002 

15. 2N 

123. 8E 

286-121 

241-81 

1006002 

15. 6N 

124.0E 

278-176 

268-123 

1012002 

15. 9H 

124. 3E 

274-241 

277-155 

1018002 

16. 3N 

124.5E 

X2-107 

284-247 

1100002 

16. 9N 

124. 5E 

074-192 

267-3X 

1106002 

17. 5K 

124. 7E 

076-246 

262-411 

1112002 

18.0H 

125. IE 

077-278 

269-444 

1118002 

18. 4N 

125.5E 

155-96 

002-215 

1200002 

18. gN 

125. 9E 

272-42 

071-498 

1206002 

19. 3N 

126.3E 

267-48 

072-546 

1212002 

19. 9N 

126. 5E 

269-46 

072-624 

1218002 

20. 4N 

126. 8E 

339-24 

155-162 

1X0002 

20. 8N 

127. 3E 

070-126 

051-81 

1X6002 

21. IN 

127. 9E 

064-158 

052-103 

1312002 

21. 3N 

128. 5E 

060-198 

053-145 

1318002 

21 .5N 

129. IE 

017-119 

051-153 

AVERAGE 

24  HOUR 

ERROR  105  Ml 

AVERAGE 

48  HOUR 

ERROR  235  Ml 
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DAMAGE  TO  LOWER  AREA  OF  CGLORSTA.  NOTE  DAMAGE  TO  CONCRETE  SLABS, 
(OFFICIAL  NAVY  PHOTO) 
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DAMAGE  TO  INTERIOR.  SAND  ON  FLOOR  WAS  BLOWN  AND  WASHED  INTO 
BUILDING.  (OFFICIAL  NAVY  PHOTO) 


DAMAGE  TO  BUILDING  AND  BOAT  CAUSED  BY  ELLEN,  9  DECEMBER  1961.- 
(OFFICIAL  NAVY  PHOTO) 
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CHAPTER  V 


research 
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A.  GENERAL 


Research  as  related  to  tropical  cyclones  was  limited  due  to  the 
LACK  OF  AUTHORIZED  PERSONNEL  FOR  THE  1959^  1960  AND  1961  SEASONS. 

A  TOTAL  OF  SIX  OFFICERS  ARE  NOW  APPROVED  FOR  1962^  HOWEVER,  THE  TWO 
VACANCIES  HAVE  NOT  AS  YET  BEEN  MANNED. 

The  "Annual  Typhoon  Report"  is  prepared  and  published  as  a 

STATISTICAL  AND  DESCRIPTIVE  RECORD  AFTER  THE  SEASON  IS  OVER  IN  DEC¬ 
EMBER.  The  PUBLICATION  DATE  VARIES  FROM  15  MARCH  TO  15  APRIL.  THE 
REMAINDER  OF  THE  TIME  THROUGH  JUNE  IS  DEVOTED  TO  RESEARCH  PROJECTS, 
LEAVE  AND  TRAINING.  WITH  THE  ANTICIPATED  INCREASE  OF  PERSONNEL,  IT 
IS  HOPED  THAT  MUCH  OF  THE  REPORT  CAN  BE  WRITTEN  DURING  THE  1962 
TYPHOON  SEASON,  THAT  THE  METEOROLOGICAL  DISCUSSIONS  CAN  BE  EXPANDED 
AND  THAT  FUNDS  WILL  BE  AVAILABLE  TO  ENLARGE  THIS  REPORT.  AN  EAR¬ 
LIER  PUBLICATION  DATE  IS  NOT  ANTICIPATED^  HOWEVER,  THE  PERIOD  BE¬ 
TWEEN  December  and  publication  date  will  be  devoted  to  providing  a 

MORE  COMPLETE  REPORT. 

The  problems  encountered  by  JTWC  in  the  past  three  years  have 
BEEN  greater  IN  NUMBER  THAN  THOSE  SOLVED  DURING  THE  RESEARCH  PERIOD. 
The  increase  in  manning  offers  an  opportunity  to  minimize  these 

PROBLEMS. 

Research  will  be  divided  into  three  types  for  the  coming  season: 

1.  Simplification  of  forecast  procedures 

2.  Improvement  of  the  forecast  techniques 

3.  Examination  of  the  tropical  cyclone,  which  will  include  a 
documentation  of  the  cyclone  from  the  formation  to  typhoon  stage, 

AND  TO  OBTAIN  MORE  INFORMATION  ABOUT  THE  STRUCTURE  OF  THE  TYPHOON 
EYE. 


Projects  discussed  in  this  chapter  are  as  follows; 

1.  A  TEST  of  the  Arakawa  method  of  forecasting  typhoon  movement 
and  surface  pressure 

2.  Miller-Moore  method  tested  and  applied  in  the  Western  Pacific 

3.  Machholz  Coordination  Chart 
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A  TEST  OF  THE  ARAKAWA  METHOD  OF  FORECASTING 
TYPHOON  MOVEMENT  AND  SURFACE  PRESSURE 


By  CHARLES  G.  WALDRON^  LT^  USNR 


The  Arakawa  method  of  typhoon  forecasting  was  developed  by  Or. 

H.  Arakawa  and  the  staff  of  the  Meteorological  Research  Institute, 
Tokyo,  Japan.  It  is  a  statistical  study  based  on  the  Veigas-Hiller 

SCREENING  PROCEDURE  USED  TO  DEVELOP  A  SIMILAR  METHOD  OF  FORECASTING 

Atlantic  hurricane  movement.  Three  sets  of  regression  equations 
WERE  DEVELOPED.  ONE  USED  SURFACE  DATA  EXCLUSIVELY,  ANOTHER  USED  700 
MB  DATA,  AND  THE  THIRD  USED  BOTH.  DUE  TO  THE  LIMITED  TIME  AND  PER¬ 
SONNEL  AVAILABLE,  ONLY  ONE  METHOD  COULD  BE  TESTED  FOR  THIS  STUDY. 

The  set  of  equations  using  surface  data  exclusively  was  chosen  be¬ 
cause  IT  WOULD  BE  THE  MOST  USEFUL  AS  AN  OPERATIONAL  FORECASTING  TOOL. 
The  main  advantage  in  using  surface  data  only  is  that  a  forecast  can 

BE  MADE  every  SIX  HOURS  INSTEAD  OF  EVERY  TWELVE  HOURS  IF  UPPER  AIR 
DATA  IS  USED.  In  ADDITION,  THE  RELIABILITY  OF  A  FORECASTING  TECHNI¬ 
QUE  DEPENDS  DIRECTLY  ON  THE  QUALITY  AND  QUANTITY  OF  THE  REPORTS  USED 
IN  ITS  PREPARATION,  THE  PAUCITY  OF  UPPER  AIR  REPORTS  IN  THE  WESTERN 

Worth  Pacific  limits  the  usefulness  of  an  objective  forecast  using 

THAT  DATA.  THE  MILLER-MoORE  METHOD  HAS  PROVEN  A  VALUABLE  EXCEPTION. 

The  regression  equations  for  the  Arakawa  method  were  derived 
FROM  FIVE  YEARS  OF  DATA  COVERING  THE  PERIOD  1956-1960.  THE  PRESSURE 
PATTERN  WAS  OBTAINED  BY  USING  A  GRID  OF  91  POINTS  AT  INTERVALS  OF  5 
DEGREES  OF  LATITUDE  AND  OF  LONGITUDE  RELATIVE  TO  THE  TYPHOON  CENTER 

(Fig.  1).  The  set  of  equations  for  24  hour  and  48  hour  forecasts 
COMPUTED  BY  THE  IBM  704  ARE  ON  THE  FOLLOWING  PAGE.  EQUATIONS  ARE 
ALSO  AVAILABLE  FOR  12  HOUR  FORECASTS,  BUT  THEY  WERE  NOT  EVALUATED 
DUE  TO  THEIR  LIMITED  USEFULNESS, 

A  TEST  WAS  MADE  ON  THE  TWENTY  TYPHOONS  WHICH  OCCURRED  IN  THE 

Western  North  Pacific  during  the  1961  season.  Positions  for  lati¬ 
tude  AND  longitude  AND  THE  12  AND  24  HOUR  PREVIOUS  POSITIONS  WERE 
TAKEN  FROM  THE  TYPHOON  BEST  TRACK  CHARTS.  ThE  PRESSURES  WERE  OB¬ 
TAINED  FROM  1/15,000,000  MERCATOR  PROJECTION  CHARTS  USING  A  GRID 
THAT  WAS  TRUE  AT  15N,  THE  CHARTS  USED  WERE  ONES  WHICH  HAD  BEEN  ANA¬ 
LYZED  DURING  THE  SEASON.  ThE  CENTRAL  PRESSURES  AND  12  HOUR  PREVIOUS 
PRESSURES  WERE  OBTAINED  BY  CONVERTING  BEST  TRACK  SURFACE  WIND  SPEEDS 
USING  THE  WACHHOLZ  GRAPH.  THE  VERIFYING  PRESSURES  WERE  OBTAINED 
BY  THE  SAME  METHOD.  THE  FORECASTS  WERE  MADE  ONLY  FROM  THE  OOOOZ  AND 
1200Z  CHARTS  SO  THAT  THE  BEST  TRACK  MiLLER-MOORE  FORECAST  FOR  THE 
SAME  PERIOD  COULD  BE  USED  AS  A  COMPARISON.  MORE  MiLLER-MOORE  24 
HOUR  FORECASTS  WERE  MADE  FROM  THE  SAME  DATA  BECAUSE  THAT  METHOD  RE¬ 
QUIRES  ONLY  12  HOUR  PREVIOUS  POSITION  VICE  THE  24  HOUR  POSITIONS  RE¬ 
QUIRED  BY  Arakawa.  No  objective  48  hour  forecast  technique  was  avail¬ 
able  FOR  comparison.  A  TOTAL  OF  ONE  HUNDRED  AND  FOURTEEN  48  HOUR 
forecasts  and  one  hundred  and  FIFTY  THREE  24  HOUR  FORECASTS  WERE  MADE. 
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ARAKAWA  24-48  HOUR  EQUATIONS 


Ut24  -  -112.5  +  2.2797tATo  +  0.1284Pgo  +  O.I82IP20  —  1.254Lat.^2  “  O.O692P52  ®*1293p3g 

LoNGg^  ~  -589.6  +  1.6812LonGq  +  0.7209LaTo  +  0.2443P89  -I-  0.3469P2,  -  0.751  6Long_24  ~  0.6155Lat 

P24  =  -1581.9  +  0.8613Po  +  O.OoeSPg  +  I.OlSSP^g  4  1.1259p2,  -  0.3225P_24  ”*  0.3547LoNG_g4 

-0,9921  Pg3 

LAT48  =  -106.6  4  2,8977LaTo  4  0.2914P^  4  0.2132PgQ  4  0.2034P2g  -  1.8073Lat_^2  -  0.5396P^g 
-  0,0613PgQ 

LoNQ^g  =  -1037.6  4  1.8948Long^  4  2,131  ILaTq  4  0.6461  P^3  4  0.6245P8g  -  1  .0458Long.2^  -  1.7983UT 

-  0.2289P^7 

P48  *  -1790.4  4  0.6493Po  4  2.6177Pg  +  1.4297P48  -  0.5141 P_^2  “  0.6288Long_2^  -  1 .3597Pg3 

Pjj  =  Pressure  at  grid  position  x 
LaTq  =  Latitude  of  typhoon  center  at  chart  time 
LonGq  s*  Longitude  of  typhoon  center  at  chart  time 
Lat_jj  =  Latitude  of  center  at  x  hours  prior  to  chart  time 
Long_jj  ss  Longitude  of  center  at  x  hours  prior  to  chart  time 
at  Central  pressure  at  x  hours  prior  to  chart  time 


In  both  the  24  hour  and  48  hour  forecasts,  the  longitudinal 

ERROR  WAS  GREATER  THAN  THE  LATITUDINAL  ERROR.  ThE  SCATTER  DIAGRAM 

(Fig.  2)  OF  THE  24  hour  forecasts  showed  that  one-third  of  the 

ERRORS  FALL  WITHIN  THE  ME  QUADRANT,  BUT  THE  LARGEST  ONES  OCCUR  IN 
THE  SW  QUADRANT.  FORECASTS  WHICH  FAIL  TO  PREDICT  RECURVATURE  OF 
RECURVE  TOO  SLOWLY  PRODUCE  ERRORS  THAT  FALL  IN  THAT  QUADRANT.  ThE 
48  HOUR  SCATTER  DIAGRAM  (FiG.  3)  ALSO  INDICATES  THAT  MORE  THAN  ONE- 
THIRD  OF  THE  ERRORS  ARE  IN  THE  ME  QUADRANT.  ThE  POSSIBILITY  EXISTS 
THAT  A  CORRECTION  COULD  BE  DETERMINED  TO  PROVIDE  A  MORE  COMPACT 
pattern;  HOVEVER,  SINCE  ONLY  ONE  YEAR  OF  INDEPENDENT  DATA  WAS  TESTED 
AGAINST  THE  FIVE  PREVIOUS  YEARS,  FURTHER  EVALUATION  IS  INDICATED  BE¬ 
FORE  SUCH  A  CORRECTION  IS  MADE. 

The  errors  for  the  24  hour  and  48  hour  central  pressure  fore¬ 
casts  SHOWED  A  BIMODAL  DISTRIBUTION  (FIG.  4  AND  5).  THE  HIGHER  PEAK 
ON  THE  24  HOUR  PRESSURE  HISTOGRAM  WAS  AT  ZERO  MB  ERROR,  AND  THE 
SMALLER  WAS  AT  -20  MB.  THE  48  HOUR  HISTOGRAM'S  PEAKS  WERE  OF  EQUAL 
HEIGHT.  One  was  centered  at  ZERO  MB  ERROR  AND  THE  OTHER  AT  -30  MB. 
The  VERIFICATION  OF  THE  PRESSURE  FORECASTS  IS  TO  BE  CONSIDERED  LESS 
RELIABLE  THAN  THE  POSITION  FORECAST  SINCE  THE  FORMER  CANNOT  BE  OB¬ 
TAINED  DIRECTLY.  In  ADDITION,  THE  BEST  TRACK  POSITION  IS  USUALLY 
MORE  RELIABLE  THAN  THE  SURFACE  WIND  SPEED  OBTAINED  FROM  THE  SAME 
SOURCE. 


ERRORS  OF  FORECASTS  US [MG  THE  ARAKAWA 
METHOD  WITH  1961  BEST  TRACK  DATA 


FORECAST 

24  HOUR 
POSITION 
(Ml) 

24  HOUR 
PRESSURE 
(MB) 

48  HOUR 
POSITION 
(Ml) 

48  HOUR 
PRESSURE 
(MB) 

MEAN 

113 

-3 

239 

-3 

STANDARD 

DIVIATION 

74 

22 

162 

26 

NUMBER  CASES 

153 

153 

114 

114 

Since  the  test  of  this  method  used  best  track  data,  it  cannot  be 

COMPARED  WITH  THE  OPERATIONAL  FORECAST  MADE  BY  JTWC,  NOR  CAN  IT  BE 
COMPARED  TO  THE  OPERATIONAL  MiLLER-MOORE  ERROR  OF  113  MILES,  THE 
MiLLER-MOORE  method  yielded  an  error  of  96  MILES  USING  THE  BEST  TRACK 
DATA. 


The  Arakawa  method  shows  promise  of  becoming  a  useful  operational 

FORECASTING  TOOL.  ITS  24  HOUR  FORECAST  COMPARES  FAVORABLY  WITH  THE 
MiLLER-MOORE  METHOD  AND  HAS  THE  ADDED  ADVANTAGE  OF  BEING  AVAILABLE 
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EVERY  SIX  HOURS.  THIS  METHOD^  WHICH  PROVIDES  46  HOUR  FORECASTS,  IS 
THE  FIRST  TO  BE  EVALUATED  BY  JTMC  AND  WILL  BE  A  WELCOME  ADDITION  TO 
THE  LIMITED  NUMBER  OF  LONG~RANGE  FORECASTING  TECHNIQUES  PRESENTLY 
IN  USE. 
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ARAKAWA  GRID 


FIG  1 


24-Hour  O 
48-I-Iour  -I- 


FIG  3 


MILES 


FIG  4 


48  HOUR  MOVEMENT  FORECAST  ERRORS 


80  160  240  320  400  480  560  640  720 

MILES 

IG  5 

48  HOUR  PRESSURE  FORECAST  ERRORS 


67.5  -  52J5  -37.5  -ZZ5  -7.5  +7.5  +22.5+37.5  +5^5+67.5 

MILLIBARS 


98 


1£S£ 


MERIDIONAL  ZONAL 

DISTANCE  ERROR  ERROR 


N 

S 

E 

H 

2600Z 

68 

14 

67 

261 2Z 

245 

80 

'  '  M 

234 

2700Z 

168 

- 

2 

■mm 

168 

271 2Z 

186 

69 

mm 

■B 

172 

2800Z 

72 

29 

mm. 

•• 

67 

281 2Z 

52 

15 

mm 

49 

2900Z 

120 

20 

mm 

116 

291 2Z 

113 

-  . 

25 

113 

3000Z 

153 

33 

148 

301 2Z 

153 

— 

43 

141 

mm. 

3100Z 

91 

58 

67 

mm 

AVERAGE 

129 

ALICE 

VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

_ ti _ ^ _ 

■  E 

ZONAL 

ERROR 

W 

1900Z 

96 

mm 

90 

27 

mm 

1912Z 

76 

31 

•• 

68 

mm 

2000Z 

90 

— 

53 

72 

201 2Z 

370 

149 

335 

2100Z 

306 

61 

.. 

294 

2112Z 

167 

75 

144 

AVERAGE 

184 

mu 

MERIDIONAL 

ZONAL 

0 ISTANCE 
ERROR 

ERROR 

N  S 

ERROi 

E 

2412Z  17  -  17 
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ARAKAHA  24  HOUR  FORECAST  ERRORS 
BETTY  (COMT»D)  t 


VERIFYIHG  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

JL 

2500Z 

26 

24 

8 

251 2Z 

75 

74 

- 

19 

2600Z 

55 

51 

- 

24 

261 2Z 

96 

95 

mm 

19 

2700Z 

234 

212 

mm 

91 

271 2Z 

148 

141 

- 

40 

2800Z 

208 

206 

26 

281 2Z 

261 

126 

■» 

225 

AVERAGE 

124 

CORA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N  S 

E 

W 

241 2Z 

72 

3 

71 

2500Z 

48 

17 

44 

■  “ 

AVERAGE 

60 

ELSIE 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N  S 

E 

H 

1412Z 

144 

130 

63 

1500Z 

89 

85 

22 

- 

AVERAGE 

117 
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ARAKAWA  24  HOUR  FORECAST  ERRORS 


HELEN 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYIHG  TIME 

ERROR 

N  S 

E 

W 

291 2Z 

77 

75 

19 

3000Z 

120 

120 

15 

•• 

301 2Z 

71 

5 

71 

3100Z 

184 

165 

85 

3112Z 

115 

102 

50 

OlOOZ 

39 

11 

36 

on2z 

78 

56 

51 

0200Z 

107 

3 

107 

021 2Z 

116 

61 

96 

0300Z 

98 

5 

98 

031 2Z 

131 

126 

«• 

46 

AVERAGE 

103 

VERIFYING  TIME 

IDA 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  W 

301 2Z 

184 

98 

153 

3100Z 

234 

- 

97 

208 

3112Z 

339 

182 

288 

AVERAGE 

252 

VERIFYING  TIME 

JUNE 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

H 

031 2Z 

no 

64 

91 

0400Z 

45 

28 

36 

041 2Z 

76 

73 

19 

• 

0500Z 

94 

92 

10 

051 2Z 

78 

11 

- 

74 

0600Z 

57 

36 

• 

44 

061 2Z 

46 

15 

43 
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ARAKAWA  24  HOUR  FORECAST  ERRORS 
JURE  (C0IJT»0) 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  H 

0700Z 

92 

28 

87 

071 2Z 

138 

8 

136 

0800Z 

16 

15 

3 

081 2Z 

86 

57 

63 

AVERAGE 

76 

VERIFYING  TIME 

KATHY 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

1712Z 

75 

75 

11 

1800Z 

122 

104 

71 

m 

AVERAGE 

99 

VERIFYING  TIME 

LORNA 

DISTANCE 

eHror 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

H 

221 2Z 

124 

105 

68 

2300Z 

128 

- 

i. 

47 

119 

231 2Z 

80 

15 

78 

> 

2400Z 

123 

70 

10 

•• 

241 2Z 

110 

66 

> 

97 

2500Z 

116 

83 

• 

85 

25:12Z 

130 

66 

Ill 

mt 

•• 

2600Z 

53 

- 

46 

21 

261 2Z 

AVERAGE 

67 

103 

67 

“ 

- 

12 
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ARAKAWA  24  HOUR  FORECAST  ERRORS 


NANCY 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

H 

091 2Z 

40 

31 

mm 

26 

10002 

24 

22 

11 

10122 

94 

94 

11002 

81 

45 

* 

67 

11122 

55 

55 

12002 

8 

8 

12122 

34 

8 

34 

13002 

51 

41 

34 

13122 

31 

25 

20 

1400Z 

66 

61 

19 

mm 

1412Z 

69 

21 

66 

'  1500Z 

49 

49 

1512Z 

152 

75 

•1. 

128 

1600Z 

134 

47 

124 

1612Z 

327 

- 

276 

«» 

186 

1700Z 

427 

420 

mm 

76 

AVERAGE 

103 

£LM. 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N  S 

E  W 

lOOOZ 

58 

51 

17 

AVERAGE 

58 

VERIFYING  TIME 

PAMELA 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

10122 

44 

29 

31 

11002 

205 

87 

190 

mm 

11122 

128 

91 

85 

12002 

44 

34 

28 

203 


ARAKAWA  24  HOUR  FORECAST  ERRORS 
mSlL  (CONT'D) 


MERIDIONAL  ZONAL 

DISTANCE  ERROR  ERROR 

VERIFYING  TIME _ ERROR _ N _ S  E  W 


1212Z 

193 

160 

115 

AVERAGE 

123 

VERIFYING  TIME 

SALLY 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

W 

271 2Z 

14 

6 

12 

2800Z 

139 

49 

129 

281 2Z 

147 

22 

146 

•• 

2900Z 

40 

29 

27 

291 2Z 

40 

8 

39 

AVERAGE 

76 

VERIFYING  TIME 

TILDA 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

W 

291 2Z 

224 

8 

224 

3000Z 

197 

- 

75 

183 

301 2Z 

196 

- 

107 

- 

167 

0100Z 

47 

39 

> 

26 

0112Z 

175 

100 

— 

148 

0200Z 

214 

107 

- 

189 

021 2Z 

118 

57 

106 

0300Z 

97 

20 

94 

031 2Z 

222 

- 

64 

212 

0400Z 

120 

- 

69 

100 

04T2Z 

68 

31 

59 

•• 

0500Z 

35 

17 

• 

• 

29 

AVERAGE 

143 
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ARAKAWA  24  HOUR  FORECAST  ERRORS 
VIOIET 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

H 

0600Z 

150 

3 

’ 

150 

061 2Z 

166 

- 

98 

• 

130 

0700Z 

96 

- 

94 

• 

18 

071 2Z 

52 

- 

25 

45 

0800Z 

106 

21 

■mt. 

105 

mm 

0812Z 

88 

. 

88 

mm 

0900Z 

101 

16 

- 

98 

«» 

0912Z 

123 

> 

116 

- 

41 

1000Z 

201 

• 

138 

. 

141 

1012Z 

196 

- 

100 

m 

169 

AVERAGE 

128 

VERIFYING  TIME 

BILtlE 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

W 

2500Z 

91 

29 

•• 

84 

251 2Z 

102 

40 

- 

> 

92 

2600Z 

50 

47 

- 

11 

261 2Z 

50 

8 

• 

49 

2700Z 

136 

45 

127 

271 2Z 

84 

45 

73 

• 

2800Z 

120 

- 

22 

115 

AVERAGE 

90 

VERIFYING  TIME 

CLARA 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  H 

281 2Z 

100 

62 

78 

2900Z 

92 

67 

- 

40 

291 2Z 

96 

60 

• 

81 

3000Z 

67 

5g 

mm 

34 
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ARAKAWA  24  HOUR  FORECAST  ERRORS 


CLARA  (COMT*D) 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  H 

301 2Z 

140 

6 

133 

3100Z 

177 

M 

— 

177 

3112Z 

396 

145 

345 

OlOOZ 

175 

175 

AVERAGE 

154 

VERIFYING  TIME 

DOT 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

1100Z 

130 

65 

110 

1112Z 

90 

30 

•• 

88 

mm 

1200Z 

50 

33 

mm 

36 

mm 

1212Z 

66 

15 

mm 

65 

1300Z 

77 

28 

mm 

•• 

70 

1312Z 

176 

12 

mm 

174 

1400Z 

132 

- 

12 

mm 

127 

1412Z 

65 

7 

mm 

60 

1500Z 

102 

24 

98 

1512Z 

75 

- 

27 

- 

72 

AVERAGE 

96 

VERIFYING  TIME 

ELLEN 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

061 2Z 

20 

12 

16 

0700Z 

55 

- 

5 

53 

071 2Z 

37 

16 

34 

•• 

0800Z 

120 

118 

32 

081 2Z 

68 

26 

•> 

65 

0900Z 

12 

10 

2 

091 2Z 

85 

> 

- 

85 
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ARAKAWA  24  HOUR  FORECAST  ERRORS 


VERIFYING  TIME 

ELLEN 

DISTANCE 

ERROR 

(CONT*D) 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

H 

lOOOZ 

50 

45 

7 

1012Z 

60 

54 

7 

• 

1100Z 

86 

64 

24 

• 

1112Z 

45 

6 

43 

• 

1200Z 

no 

17 

105 

• 

1212Z 

86 

37 

75 

AVERAGE 

64 
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ARAKAWA  48  HOUR  FORECAST  ERRORS 


mi 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

2700Z 

320 

36 

328 

271 2Z 

580 

- 

38 

•» 

579 

2800Z 

347 

36 

- 

> 

344 

281 2Z 

316 

120 

- 

- 

291 

2900Z 

156 

80 

- 

- 

131 

291 2Z 

137 

52 

- 

126 

3000Z 

256 

> 

43 

253 

- 

301 2Z 

206 

- 

97 

184 

- 

3100Z 

215 

- 

146 

164 

- 

AVERAGE 

281 

VERIFYING  TIME 

ALICE 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  H 

2000Z 

225 

201 

104 

2012Z 

94 

77 

- 

50 

2100Z 

354 

- 

42 

350 

2112Z 

768 

- 

75 

768 

AVERAGE 

360 

VERIFYING  TIME 

BETTY 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

251 2Z 

163 

108 

116 

2600Z 

93 

44 

83 

- 

261 2Z 

70 

55 

- 

45 

2700Z 

146 

131 

- 

70 

271 2Z 

69 

67 

9 

- 

2800Z 

550 

480 

■» 

285 

281 2Z 

576 

358 

- 

464 

AVERAGE 

238 
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ARAKAWA  48  HOUR  FORECAST  ERRORS 
HELEN 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

W 

301 2Z 

94 

29 

88 

3IOOZ 

88 

58 

64 

•• 

311 2Z 

161 

161 

• 

0100Z 

331 

286 

172 

•• 

0112Z 

71 

67 

16 

•• 

0200Z 

60 

59 

2 

•• 

021 2Z 

218 

23 

217 

0300Z 

252 

49 

243 

031 2Z 

94 

8  • 

94 

AVERAGE 

152 

IDA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N  S 

E  H 

3112Z 

568 

126 

555 

AVERAGE 

568 

VERIFYING  TIME 

JUNE 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

W 

041 2Z 

294 

221 

195 

«■ 

0500Z 

224 

212 

71 

051 2Z 

258 

252 

48 

• 

oeooz 

246 

211 

130 

061 2Z 

74 

63 

- 

30 

0700Z 

35 

31 

20 

071 2Z 

132 

120 

51 

0800Z 

184 

127 

134 

081 2Z 

98 

82 

51 

average 

172 
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ARAKAHA  48  HOUR  FORECAST  ERRORS 
LOR  HA 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  W 

231 2Z 

134 

a* 

123 

43 

2400Z 

185 

- 

44 

176 

241 2Z 

183 

32 

181 

wm 

2500Z 

253 

71 

231 

tm 

- 

251 2Z 

328 

190 

250 

- 

2600Z 

223 

200 

«• 

-• 

118 

261 2Z 

323 

195 

- 

250 

AVERAGE 

233 

VERIFYING  TIME 

NANCY 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

H  S 

ZONAL 

ERROR 

E 

H 

101 2Z 

312 

11 

312 

1100Z 

145 

mm 

34 

141 

- 

1112Z 

91 

- 

85 

- 

39 

1200Z 

48 

34 

« 

- 

31 

1212Z 

79 

- 

31 

74 

- 

1300Z 

34 

mm 

30 

12 

mm 

1312Z 

60 

- 

19 

59 

- 

1400Z 

128 

126 

- 

16 

mm 

141 2Z 

208 

- 

161 

- 

126 

1500Z 

154 

mm 

140 

m 

66 

1512Z 

188 

60 

- 

- 

176 

1600Z 

226 

148 

• 

■- 

172 

1612Z 

454 

24 

• 

mm 

453 

1700Z 

448 

367 

- 

267 

AVERAGE 

184 
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ARAKAWA  48  HOUR  FORECAST  ERRORS 
PAHEUA 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  H 

1112Z 

408 

201 

350 

1200Z 

781 

295 

715 

1212Z 

456 

168 

431 

AVERAGE 

548 

VERIFYING  TIME 

SALLY 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  W 

281 2Z 

280 

182 

217 

2900Z 

467 

279 

380 

291 2Z 

505 

222 

457 

AVERAGE 

417 

VERIFYING  TIME 

TILDA 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  H 

301 2Z 

442 

33 

441 

0100Z 

272 

> 

25 

267 

0112Z 

267 

58 

> 

262 

0200Z 

415 

347 

- 

232 

021 2Z 

684 

445 

- 

525  - 

0300Z 

642 

279 

«• 

566 

031 2Z 

388 

170 

- 

360 

0400Z 

346 

45 

- 

344 

0412Z 

104 

55 

87 

0500Z 

133 

m 

79 

103 

AVERAGE 

370 
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ARAKAWA  48  HOUR  FORECAST  ERRORS 


VIOLET 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

_JL 

0700Z 

278 

9 

tm 

227 

071 2Z 

153 

• 

65 

■  m» 

140 

0800Z 

120 

•» 

120 

> 

3 

081 2Z 

191 

26 

- 

187 

- 

0900Z 

260 

16 

-> 

260 

- 

091 2Z 

165 

93 

137 

•» 

1000Z 

80 

77 

•• 

14 

- 

1012Z 

398 

191 

- 

351 

AVERAGE 

206 

VERIFYING  TIME 

BILLIE 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

2600Z 

320 

70 

m 

324 

261 2Z 

109 

90 

- 

61 

2700Z 

151 

34 

- 

149 

- 

271 2Z 

169 

- 

44 

164 

- 

2800Z 

242 

- 

94 

216 

- 

AVERAGE 

200 

VERIFYING  TIME 

CLARA 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

M 

291 2Z 

54 

34 

42 

3000Z 

85 

80  *• 

20 

- 

301 2Z 

65 

32 

58 

- 

3100Z 

270 

82 

256 

- 

3112Z 

425 

156 

400 

«• 

0100Z 

236 

40 

228 

- 

AVERAGE 

189 

212 


ARAKAWA  48  HOUR  FORECAST  ERRORS 
DOT 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

.  .  W 

1200Z 

267 

120 

234 

1212Z 

70 

8 

m 

65 

1300Z 

87 

60 

m 

64 

131 2Z 

370 

• 

30 

m 

362 

1400Z 

308 

29 

m 

300 

1412Z 

430 

60 

m. 

427 

1500Z 

347 

165 

330 

1512Z 

192 

• 

63 

180 

AVERAGE 

259 

VERIFYING  TIME 

..EUEH. 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

K 

061 2Z 

286 

95 

«■ 

263 

0700Z 

206 

. 

26 

205 

•» 

071 2Z 

62 

23 

• 

60 

0800Z 

163 

78 

120 

081 2Z 

137 

75 

• 

117 

Mi 

0900Z 

63 

18 

_ 

60 

091 2Z 

150 

45 

144 

1000Z 

54 

- 

50 

6 

Mi 

101 2Z 

77 

52 

60 

1100Z 

100 

95 

7 

«P- 

11t2Z 

130 

107 

55 

AVERAGE 

130 

MiUER-MOORE  METHOD  TESTED  AKD  APPLIED  IN  THE  WESTERN  PACIFIC 


By  Elmer  A.  Erdei,  Lt  {jg),  USN 


The  Miller'Moore  method  was  discussed  in  Chapter  VI I  (Research) 
OF  the  1960  Annual  Typhoon  Report,  At  that  time  the  1959  data  had 
NOT  been  completely  evaluated.  This  series  of  investigations  has 
provided  results  that  are  twofold.  First,  it  apprises  the  original 

AUTHORS  OF  RESULTS  BASED  ON  ITS  USE  IN  THE  WESTERN  NORTH  PACIFIC. 

Secondly,  it  provides  JTWC  with  a  mathematical  tool  that  may  be 

CONTINUOUSLY  USED  AS  A  GUIDE  TO  MORE  ACCURATE  FORECASTING. 

This  method  is  based  on  Atlantic  Hurricane  data  and  was  pre¬ 
pared  BY  B.  I.  Miller  and  B.  L.  Moore.  Briefly,  the  method  consists 
of  correlating  the  storm  movement  with  a  mean  geostrophic  wind  and 
the  past  12  HOUR  STORM  MOVEMENT.  USING  700  MB  DATA,  THE  METHOD  IN¬ 
VOLVES  SEPARATE  DETERMINATION  OF  MERIDIONAL  AND  ZONAL  FORECASTS  OF 
STORM  MOVEMENT.  THE  EQUATIONS  AS  DEVELOPED  BY  MILLER  AND  MODRE  ARE: 

Initial  latitude  equal  to  or  less  than  27.5° 

V  =  0.23V,  +  0.65PY  4-  2.3 

^  (1) 

U  =  0.42u^  +  0.54PX-  2.4 

Initial  latitude  more  than  27.5° 

V  =  0.71  v-  4-  0.40PY  +  3.0 

^  (2) 

U  =  0.61 u^  +  0.48PX  -  3.8 

U  Z  FORECAST  MEAN  24  HOUR  ZONAL  SPEED  OF  CENTER  MOVEMENT  (kTs) 

V  =  FORECAST  MEAN  24  HOUR  MERIDIONAL  SPEED  OF  CENTER  MOVEMENT  (kTs) 

Vy  =  FIRST  approximation:  mean  700  MB  GEOSTROP 1C  WIND  BETWEEN  FIVE 
PAIRS  OF  POINTS  7.5  DEGREES  E  AND  7.5  DEGREES  W  OF  THE  STORM  CENTER 
AND  EXTENDING  FROM  5  DEGREES  S  TO  5  DEGREES  N  OF  THE  CENTER.  If 
SOUTHWARD  MOVEMENT  RESULTS  -  NO  FURTHER  COMPUTATION  NECESSARY  FOR  V^, 

Second  approximation:  add  points  at  7.5  degrees  N  of  center  to 

FIRST  CALCULATION,  IF  BOTH  OF  THE  FIRST  TWO  APPROXIMATIONS  ARE  LESS 
THAN  6.5  KTS,  USE  THE  LARGER  -  NO  FURTHER  COMPUTATION  NECESSARY  FOR 
V7. 
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Third  approx i mat i out  same  as  second  but  adding  points  at  10 

DEGREES  H  OF  CENTER  TO  SECOND  APPROXIMATION.  USE  THE  LARGEST  OF  THE 
THREE  APPROXIMATIONS, 

Uy  =  MEAN  700  MB  GEOSTROPIC  WIND  BETWEEN  SEVEN  PAIRS  OF  POINTS  5 
DEGREES  S  OF  THE  INITIAL  POSITION  OF  THE  STORM  CENTER  AND  5  DEGREES 
N  OF  THE  LATITUDE  THAT  THE  V  COMPUTATION  INDICATES  THE  CENTER  WILL 
REACH  12  HOURS  AFTER  CHART  TIME. 

PY  =  MEAN  MERIDIONAL  SPEED  OF  MOVEMENT  OF  CENTER  FOR  THE  12  HOURS 
PRIOR  TO  CHART  TIME  (kTS). 

PX  =  MEAN  20NAL  SPEED  OF  MOVEMENT  OF  CENTER  FOR  THE  12  HOURS  PRIOR 
TO  CHART  TIME  (kTS). 

Uy  AND  Vy  ARE  COMPUTED  FROM  THE  LATEST  700  MB  CHART  ON  THE. 
MILLER-HOORE  grid  SHOWN  HEREIN.  HEIGHTS  ARE  TABULATED,  FOR  EVERY 
2^  DEGREES.  In  the  CASE  OF  THE  MERIDIONAL  COMPONENT,  THE  AVERAGE 
HEIGHT  DIFFERENCE  IS  COMPUTED  BETWEEN  5  DEGREES  N  AND  S  OF  THE  CEN¬ 
TER;  HOWEVER,  DEPENDING  UPON  THE  RESULTING  NORTHWARD  SPEED  OF  THE 
STORM,  THIS  GRID  MAY  BE  EXTENDED  TO  7.5  OR  10  DEGREES  N  OF  THE  CEN¬ 
TER  IN  ACCORDANCE  WITH  THE  SPECIFIED  CRITERIA,  In  THE  CASE  OF  THE 
ZONAL  COMPONENT,  THE  AVERAGE  HEIGHT  DIFFERENCE  BETWEEN  THE  TWO 
HORIZONTAL  ROWS  IS  COMPUTED;  THE  BOTTOM  ROW  BE  I NG  5  DEGREES  S  OF  THE 
INITIAL  SURFACE  POSITION  OF  THE  STORM  AND  THE  TOP  ROW  BEING  5  DE¬ 
GREES  N  OF  THE  12  HOUR  MERIDIONAL  FORECAST  POSITION  OF  THE  CENTER, 

The  average  meridional  and  zonal  height  differences  are  then  reduced 
TO  meters  per  degree  and  CONVERTED  TO  GEOSTROP  I  C__W I ND  ^KTs)  FOR  THE 
CENTRAL  LATITUDE  USING  THE  GRAPH  SHOWN  HEREIN.  U  AND  V  ARE  THEN 
SOLVED  FOR,  USING  THE  EQUATIONS  (1)  OR  (2). 

After  the  end  of  the  1960  typhoon  season  it  was  concluded  that 

THIS  METHOD  COULD  BE  CORRECTED  TO  WORK  BETTER  IN  THE  WESTERN  PACIFIC 

AREA.  Recomputing  the  data  from  the  1959  and  1960  seasons  provided 

A  TOTAL  OF  THREE  HUNDRED  CASES  FROM  WHICH  TO  OBTAIN  DATA  FOR  PX,  PY 
AND  TO  COMPUTE  NEW  CONSTANTS. 

Results  of  two  years  data  indicated  that  two  changes  could  be 

MADE  TO  IMPROVE  THE  METHOD  FOR  THE  WESTERN  NORTH  PACIFIC;  FIRST, 
ADJUST  THE  MERIDIONAL  AND  ZONAL  CONSTANTS  SLIGHTLY,  AND  SECONDLY, 
ESTABLISH  A  DIFFERENT  PROCEDURE  FOR  DETERMINING  THE  MOST  SUITABLE 
POINT  TO  COMMENCE  USE  OF  THE  SECOND  EQUATION. 

Apparently  the  latitude  of  27. 5N,  point  of  change  from  the  first 

TO  THE  SECOND  FORMULA  IS  CONSIDERED  TO  BE  THE  AVERAGE  LATITUDE  OF  THE 
SUBTROPICAL  RIDGE  LINE.  THIS  WOULD  ALSO  APPROXIMATE  THE  DIVIDING 
LINE  BETWEEN  THE  INITIAL  MOVEMENT  BY  THE  CYCLONE  TO  THE  W  AND  MOVE¬ 
MENT  TO  THE  E  AFTER  RECURVATURE,  In  VIEW  OF  THE  DIFFERENT  PROBLEMS 
OF  MOVEMENT,  TWO  EQUATIONS  ARC  NEEDED.  OF  COURSE,  A  MORE  IDEAL 
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METHOD  WOULD  BE  TO  HAVE  THREE  FORMULAS,  ONE  FOR  WESTERLY  MOVEMENT,  ONE 
FOR  NORTHERLY  MOVEMENT,  AND  ANOTHER  FOR  EASTERLY  MOVEMENT*  THIS  IDEAL 
IS  IMPOSSIBLE  BECAUSE  OF  THE  PROBLEM  OF  DECIDING  WHICH  OF  THE  FOR¬ 
MULAS  TO  uaiE.  Some  success  has  been  achieved  in  forecasting  the 
POSITION  OF  THE  RIDGE  LINE,  THEREFORE  THE  FIXED  FIGURE  OF  27,5  AS  THE 
POINT  TO  CHANGE  FORMULAS  IS  NOT  ABSOLUTELY  NECESSARY,  ALTHOUGH  IT  IS 
AN  EXCELLENT  GUIDE,  THUS,  THE  SECOND  FORMULA  IS  NOW  USED  JUST  AFTER 
POINT  OF  RECURVATURE,  RECURVATURE  IS  DEFINED  HERE  AS  THAT  POINT  AT 
WHICH  THE  CYCLONE  CEASES  MOVEMENT  TO  THE  W  OF  N  AND  COMMENCES  MOVING 
TO  THE  £  OF  N, 


From  258  cases  S  of  this  definition  of  point  of  recurvature,  it 
WAS  determined  that  the  meridional  forecast  errors  averaged  1.1  KTS 
TO  THE  R,  and  THE  ZONAL  FORECAST  ERRORS  AVERAGED  2.0  KTS  TO  THE  E, 
North  of  the  position  of  recurvature  there  were  a  total  of  50  cases. 
These  SHOWED  the  meridional  forecast  errors  averaged  0.2  kts  to  the 
S,  AND  the  zonal  FORECAST  ERRORS  AVERAGED  1.6  KTS  TO  THE  W. 


Using  the  above  corrections  the  following  modified  equations  of 
(1)  AND  (2)  WERE  developed: 

At  or  South  of  the  point  of  recurvature 

V  =  0,23v-7  +0,65Py+  1.2 


(3) 


U  =  0.42Uy  4-  0.54PX  —  0,4 


North  of  the 
V  =  0.71Vy 

U  =  0.61 Uy 


point  of  recurvature 

J-  0.40PY  4-  3.2 

(4) 

4-  0.48PX  -  5.4 


During  1961  equations  (1),  (2),  (3)  and  (4)  were  used  on  an 
operational  basis  to  forecast  the  movement  of  tropical  lows.  The 

AVERAGE  forecast  ERROR  FOR  EACH  TYPHOON  AND  FOR  THE  YEAR  IS  SHOWN 
IN  THE  FOLLOWING  TABLE,  NOTE  THAT  THE  INFORMATION  HERE  IS  BASED  ON 
OPERATIONAL  POSITIONS,  NOT  ON  BEST  TRACK  DATA.  THE  AVERAGE  ERROR 
USING  EQUATIONS  (l }  AND  (2)  FOR  BEST  TRACK  POSITIONS  WAS  96  Ml, 
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TYPHOON  NO. 

OF  CASES 

MEAN  FORECAST  ERROR 
EQUATIONS  fl)  &  (2) 

MEAN  FORECAST  ERROR 
EQUATIONS  f3)  &  (4l 

TESS 

12 

95 

93 

ALICE 

7 

104 

116 

BETTY 

11 

94 

87 

CORA 

3 

142 

89 

ELSIE 

3 

158 

114 

HELEN 

13 

92 

94 

lOA 

5 

217 

156 

JUNE 

14 

133 

93 

KATHY 

4 

163 

100 

LORNA 

10 

141 

108 

NANCY 

17 

120 

109 

OLGA 

3 

70 

53 

PAMELA 

7 

161 

131 

SALLY 

6 

137 

96 

TILDA 

14 

138 

124 

VIOLET 

11 

149 

147 

BILLIE 

8 

104 

140 

CLARA 

9 

222 

181 

DOT 

12 

144 

102 

ELLEN 

11 

74 

121 

Average  error 

129  Ml 

113  HI 

817 


In  view  of  the  above,  it  was  decided  to  include  the  1961  fore¬ 
casting  ERRORS  WITH  THE  DATA  FOR  1959  AND  1960.  THE  EQUATIONS  WHICH 
RESULTED  FROK  A  TOTAL  OF  THREE  YEARS  DATA  ARE  SHOWN  BELOW.  |T  IS 
PLANNED  TO  USE  THESE  ON  AN  OPERATIONAL  BASIS  DURING  THE  1962  SEASON. 

At  or  South  of  the  point  of  recurvature 

V  =  0.23v_  +  0.65PY  +  1,1 

(5) 

U  =  0.42Uy  +  0.54PX  -  0.2 

North  of  the  point  of  recurvature 

V  =  0.71V,  4.  0.40PY  +  3.6 

7  (6) 

U  r  0.61  Uy  +  0.48PX  —  5.7 
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MILLER- MOORE  GRID 

5  DEG  NORTH  OF 
12  HR  FCST  POSIT 


MIllER-HOORE  24  HOUR  FORECAST  ERRORS 

mi 


MERIDIONAL  ZONAL 

DISTANCE  ERROR  ERROR 

mifYIMQ  TIH^ _ EMflS _ H _ S _ E _ H 


251 2Z 

217 

158 

«. 

155 

2600Z 

5 

- 

2 

3 

261 2Z 

78 

- 

37 

71 

2700Z 

65 

- 

65 

271 2Z 

65 

62 

• 

11 

«• 

2800Z 

121 

93 

- 

60 

. 

281 2Z 

113 

62 

• 

97 

2900Z 

96 

96 

291 2Z 

135 

65 

120 

3000Z 

64 

- 

64 

301 2Z 

97 

25 

- 

95 

m 

3100Z 

100 

> 

17 

98 

AVERAGE 

96 

VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

1812Z 

X 

30 

3 

1900Z 

57 

. 

47 

20 

• 

1912Z 

23 

2 

23 

2000Z 

73 

- 

5 

• 

73 

201 2Z 

90 

74 

• 

56 

2100Z 

203 

65 

192 

2112Z 

m 

172 

■»'  : 

47 

AVERAGE 

93 

BETTY 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

ERROR 

N 

s 

E 

W 

231 2Z 

123 

60 

107 

2400Z 

150 

- 

16 

150 

241 2Z 

75 

5 

* 

75 

•pi 

2500Z 

74 

48 

62 
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MILLER-MOORE  24  HOUfr  FORECAST  ERRORS 
BETTY  (CONT’D) 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

E 

20NAL 

ERROR 

_JL 

25122 

70 

14 

70 

26002 

35 

30 

•• 

19 

<• 

26122 

65 

64 

. 

15 

27002 

87 

- 

55 

• 

75 

27122 

93 

85 

m 

43 

28002 

138 

- 

125 

52 

28122 

211 

- 

93 

173 

AVERAGE 

102 

Sim. 

MERIDIONAL 

20NAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

K 

S 

E 

H 

24002 

108 

45 

98 

24122 

107 

37 

10^ 

. 

'25002 

197 

112 

•• 

161 

AVERAGE 

137 

ELSIE 

MERIDIONAL 

20NAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

s 

E 

H 

14002 

128 

97 

80 

14122 

89 

77 

43 

15002 

208 

75 

•» 

188 

AVERAGE 

142 

Jl£L£li 

MERIDIONAL 

20NAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

s 

E 

H 

28122 

76 

63 

52 
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MtLLER.MOORE  24  HOUR  FORECAST  ERR JR £ 


HEIEW  (CONT»D) 


MERIDIONAL  ZONAL 


DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

S 

E 

H 

■  2900Z 

29 

28 

16^ 

291 2Z 

34 

10 

33 

- 

3000Z 

38 

- 

18 

33 

• 

3012Z 

59 

39 

43 

3100Z 

170 

161 

a» 

- 

48 

3112Z 

122 

80 

- 

«» 

91 

0100Z 

69 

15 

■» 

66 

0112Z 

45 

37 

• 

> 

32 

0200Z 

58 

54 

• 

20 

. . 

021 2Z 

73 

m 

63 

41 

. 

0300Z 

55 

54 

■» 

10 

- 

AVERAGE 

69 

IDA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

S 

E 

H 

291 2Z 

144 

24 

138 

3000Z 

182 

21 

174 

3012Z 

146 

13 

142 

• 

3100Z 

163 

3 

163 

3112Z 

374 

309 

- 

216 

> 

AVERAGE 

202 

-JUNE 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR  , 

N 

S 

E 

H 

021 2Z 

60 

46 

36 

0300Z 

8J5 

23 

• 

86 

031 2Z 

160 

79 

• 

141 

• 

0400Z 

128 

43 

•• 

124 

• 

041 2Z 

166 

T3i 

. 

101 

. 

0500Z 

117 

115 

-  ' 

15 

. 

^512Z 

64 

Z1 

- 

62 

• 
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■MHUR-HQPRE  g4  HQVR  fPRECAST.ERMTv 

JUWE  (COMT'D) 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

JL 

0600Z 

160 

7 

159 

^612Z 

84 

56 

' 

61 

• 

07(X>Z 

77 

76 

i- 

U 

071 2Z, 

104 

72 

mm 

75 

0800Z 

172 

38 

m 

166 

itm 

081 2Z 

167 

77 

153 

m 

AVERAGE 

119 

KATHY 

MERIDIONAL 

ZONAL 

DISTANCE 

'  ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

S 

E 

H 

1612Z 

155 

m 

115 

102 

■' 

1700Z 

97 

56 

83 

1712Z 

183 

163 

• 

68 

mm 

1800Z 

202 

192 

62 

m 

AVERAGE 

159 

LORNA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

S 

E 

N 

2200Z 

155 

148 

mm 

44 

221 2Z 

141 

135 

- 

39 

2300Z 

56 

mm 

53 

23 

• 

231 2Z 

61 

mm 

21 

54 

- 

2400Z 

145 

mm 

35 

140 

241 2Z 

149 

- 

19 

148 

- 

2500Z 

115 

- 

15 

115 

- 

251 2Z 

66 

56 

34 

2600Z 

59 

54 

24 

261 2Z 

90 

48 

- 

63 

- 

AVERAGE 

104 
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HILLER-MOORE  24  HOUR  FORECAST  ERRORS 


MANCY 


HER  lot ORAL  ZONAL 


VERIFYING  TIME 

DISTANCE 

ERROR 

ERROR 

N 

S 

ERROR 

E 

W 

0900Z 

103 

40 

97 

091 2Z 

270 

23 

265 

1000Z 

37 

- 

7 

34 

1012Z 

17 

. 

17 

« 

3 

1100Z 

120 

7 

119 

in2Z 

35 

10 

35 

1200Z 

45 

45 

• 

5 

1212Z 

107 

65 

84 

m 

1300Z 

158 

55 

• 

145 

1312Z 

100 

> 

2 

100 

m 

1400Z 

133 

- 

68 

•• 

122 

1412Z 

88 

•> . 

73 

35 

1500Z 

98 

70 

70 

1512Z 

142 

73 

■» 

103 

1600Z 

75 

•• 

27 

■» 

69 

16122 

382 

315 

202 

1700Z 

469 

. 

469 

• 

■■ 

AVEBA£I 

140 

OLGA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

-VERIFYING  TIME 

ERROR 

N 

S 

E 

H 

091 2Z 

71 

mt 

59 

38 

1000Z 

57 

15 

50 

•  » 

AVERAGE 

64 

PAMELA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

S 

E 

H 

1000Z 

72 

3 

70 

1012Z 

224 

. 

8 

'  220 

1100Z 

300 

87 

•  ' 

287 

1112Z 

202 

150 

• 

134 

m 
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MLIER-HOORE  24  HOUR  FORECAST  ERRORS 


PAMELA  (CONT»D) 


VERtFYlNG  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N-  S 

ZONAL 

ERROR 

E 

M 

1200Z 

135 

54 

120 

MaiMiw 

m 

1212Z 

34 

17 

17 

m 

AVERAGE 

161 

SALLY 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N  S 

E 

W 

2700Z 

63 

61 

21 

27-1 2Z 

113 

71 

77 

2800Z 

166 

73 

150 

2812Z 

153 

71 

128 

■» 

2900Z 

141 

63 

123 

m 

291 2Z 

123 

105 

69 

AVERAGE 

127 

TILPA 

VER4FYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E  W 

2812Z 

114 

95 

66 

2900Z 

no 

108 

5 

291 2Z 

72 

50 

m 

52 

3000Z 

70 

62 

32 

301 2Z 

132 

78 

102 

OlOOZ 

193 

50 

• 

182 

0112Z 

202 

120 

159 

0200Z 

172 

95 

123 

021 2Z 

165 

73 

- 

142 

0300Z 

100 

43 

93 

031 2Z 

72 

26 

67 

0400Z 

77 

32 

66 

041 2Z 

68 

52 

47 

0500Z 

197 

153 

- 

133 

AVERAGE 

125 
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HILLER.MOORE  24  HOUR  FORECAST  ERRORS 
-VIOIET 


VERIFYIHG  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

W 

051 2Z 

97 

78 

69 

0600Z 

15 

12 

12 

■  _ 

061 2Z 

99 

- 

97 

as 

13 

0700Z 

102 

92 

38 

071 2Z 

87 

28 

84 

0800Z 

118 

23 

115 

aa 

081 2Z 

77 

• 

14 

75 

as 

0900Z 

67 

- 

53 

a. 

38 

091 2Z 

172 

- 

107 

ai 

127 

1000Z 

327 

- 

245 

210 

1012Z 

319 

123 

- 

283 

AVERAGE 

135 

BILLIE 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

S 

E 

H 

241 2Z 

75 

43 

m 

62 

2500Z 

56 

- 

13 

a. 

52 

251 2Z 

98 

22 

95 

2600Z 

55 

• 

a. 

as 

55 

261 2Z 

55 

55 

2700Z 

58 

50 

22 

as 

271 2Z 

97 

«• 

58 

77 

•  . 

2800Z 

97 

88 

43 

AVERAGE 

74 

CLARA 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYIHG  TIME 

ERROR 

N 

S 

E 

H 

2800Z 

257 

162 

162 

281 2Z 

350 

40 

330 

2900Z 

278 

•• 

35 

273 

291 2Z 

207 

- 

34 

203 

227 


MiLLER-MOORE  24  HOUR  FORECAST  ERRORS 
CLARA  (CpMT’D) 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAb 

ERROR 

N  S 

E 

ZONAL 

ERROR 

W 

3000Z 

182 

45 

172 

mt 

301 2Z 

77 

26 

»  ' 

70 

mm 

3100Z 

107 

- 

25 

102 

•• 

3112Z 

195 

190 

- 

32 

0100Z 

80 

» 

30 

70 

AVERAGE 

193 

DOT 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

s 

E 

W 

1012Z 

178 

114 

142 

1100Z 

97 

63 

• 

76 

■» 

1112Z 

45 

44 

11 

1200Z 

43 

12 

- 

42 

1212Z 

69 

8 

M 

67 

1300Z 

186 

32 

«• 

m 

182 

1312Z 

152 

- 

29 

mm 

148 

1400Z 

164 

42 

* 

158 

1412Z 

82 

- 

28 

- 

75 

1500Z 

241 

- 

54 

• 

236 

1512Z 

183 

- 

68 

168 

AVERAGE 

131 

ELLEN 

MERIDIONAL 

ZONAL 

DISTANCE 

ERROR 

ERROR 

VERIFYING  TIME 

ERROR 

N 

s 

E 

W 

081 2Z 

116 

67 

wm 

90 

0900Z 

52 

47 

22 

091 2Z 

55 

54 

mm 

11 

1000Z 

42 

40 

mm 

• 

13 

1012Z 

92 

32 

mm 

88 

1100Z 

37 

35 

. 

12 

•» 

1112Z 

102 

• 

13 

• 

97 

228 


MILLER-MOORE  24  HOUR  FORECAST  ERRORS 


ELLEN  (CONT»D) 


VERIFYING  TIME 

DISTANCE 

ERROR 

MERIDIONAL 

ERROR 

N  S 

ZONAL 

ERROR 

E 

1200Z 

83 

72 

1 

40 

1212Z 

83 

63 

44 

1300Z 

92 

60 

60 

1312Z 

76 

65 

.. 

28 

AVERAGE 

75 

AVERAGE  DISTANCE  ERR0R>24  HR  FORECASTS  (175  CASES)  ^  .  .  .  h. 
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WACHHOLZ  COORDINATION  CHART 

This  chart^  which  is  included  and  discussed  in  this  book^  was 
USED  IN  THE  1960  AND  1961  SEASONS  AS  A  TOOL  TO  EVALUATE  THE  EVE  DATA 
REPORTS  MADE  BY  THE  AIRBORNE  OBSERVER*  |t  IS  AN  AID  TO  DETERMINE 
THE  RELIABILITY  OF  THE  REPORT  AND  TO  PROVIDE  A  CHECK  ON  THE  OBSERVED 
SURFACE  WIND  OR  PROVIDE  A  SURFACE  WIND  VALUE  WHEN  NONE  WAS  OBSERVED. 

This  chart,  along  with  three  seasonal  climatology  charts,  was  com¬ 
piled  BY  Captain  Edward  R.  Wachholz,  USAF,  in  April  and  May  of  1960 
AFTER  A  SEASON  OF  FORECASTING  TYPHOONS  IN  1959  AT  FWC/JTWC.  THE 
GRAPHS  WERE  COMPILED  FROM  RECONNAISSANCE  DATA  FOR  1957,  1956  AND 
1959  AND  WERE  INITIALLY  TESTED  ON  1956  DATA.  THESE  THREE  YEARS  PRO¬ 
VIDED  THE  MOST  ACCURATE  FLIGHT  LEVEL  WINDS  AS  DETERMINED  BY  THE  APH- 
82  Doppler  wind  measuring  equipment. 

The  Machholz  chart  is  based  on  the  theory  that  all  typhoons 

DEVELOP  IN  HOMOGENEOUS  AIR  OVER  AREAS  OF  SIMILAR  CHARACTERISTICS  AND 
THAT  TYPHOONS  ARE  SIMILAR  THERMODYNAMICALLY  EXCEPT  FOR  DIFFERENCES 
IN  INTENSITY.  These  variations  of  intensity  are  due  to  thermal, 
LATITUDINAL  AND  LONGITUDINAL  CONSIDERATIONS. 

The  chart  (Fig.  1|  relates  minimum  700  mb  height  (ft),  maximum 

700  MB  TEMPERATURE  (^C),  AND  MINIMUM  SURFACE  PRESSURE  (mb),  AS  MODI¬ 
FIED  BY  LATITUDE,  TO  MAXIMUM  700  MB  WIND  SPEED  (kTS)  AND  MAXIMUM 
SURFACE  WIND  (kTS).  It  IS  BASED  ON  THE  FOLLOWING  FORMULAE: 


SFC  WIND  MAX  S 


(1) 


700  MB  WIND  MAX  s  50  )  (Sfcm  50)  (2) 


0  REPRESENTS  THE  LATITUDE  OF  THE  TYPHOON  EYE 
7km  is  the  700  MB  MINIMUM  HEIGHT  OF  THE  EYE  IN  FT 
Sfcm  is  the  surface  wind  max  around  the  eye  in  kts 

The  basis  of  these  formulae  is  the  original  formula  by  Dr.  Robert 
Fletcher  who  is  presently  Director  of  Scientific  Services,  Air  Hea¬ 
ther  Service.  This  formula  is  shown  below: 

Sfc  wind  max  se  16  \/  1010  —  (3) 

1010  represents  the  pressure  in  mb  at  the  "bar**  of  the  typhoon  and 

MAY  BE  ADJUSTED  IF  THE  "bAr”  PRESSURE  DIFFERS. 

Pg  IS  THE  CENTER  PRESSURE  OF  THE  TYPHOON  OR  HURRICANE  IN  MB. 
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HOTE  on  the  coordination  chart  that  the  700  M8-SURFACC  WIND  RE¬ 
LATIONSHIP  16  DIRECT  (they  ARE  THE  SAME  AT  50  AND  250  KTS  ONLy)  AND 
THAT  THE  SURFACE  PRESSURE- 700  MB  HEIGHT  IS  ALSO  DIRECTLY  RELATED, 

When  the  surface  pressure  or  700  mb  height  is  known^  find  it  on  the 
GRAPH  THEN  FOLLOW  HORIZONTALLY  TO  THE  CORRECT  LATITUDE;  FROM  THERE, 
EXTEND  VERTICALLY  TO  THE  SURFACE  WIND  OR  TO  THE  700  MB  WIND. 

Information  most  frequently  used  to  determine  the  surface  wind 
IS  THE  700  MB  HEIGHT  AND  THE  700  MB  WIND  WHICH  ARE  ACCURATELY  MEA¬ 
SURED  BY  THE  AIRCRAFT.  THE  SURFACE  PRESSURE  IS  MOST  FREQUENTLY  OB¬ 
TAINED  FROM  DROPSONDE  EQUIPMENT  AND  AVAILABLE  AS  RAW  UNCORRECTEO  DATA 
AT  TIME  OF  CHART  USE.  ITS  VALUE  VARIED  AT  TIMES  FROM  THE  CORRECTED 
PRESSURE  AVAILABLE  LATER.  ThE  700  MB  TEMPERATURE  PARAMETER  HAS  BEEN 
FOUND  TO  BE  LEAST  USEFUL  DUE  TO  THE  FACT  THAT  IT  IS  REPORTED  IN  WHOLE 
DEGREES,  AND  A  SMALL  VARIATION  IN  TEMPERATURE  REPRESENTS  A  LARGE 
VARIATION  OF  OTHER  FEATURES  IN  THE  GRAPH,  THIS  GRAPH  WORKS  ONLY  FOR 
CIRCULATIONS  THERMODYNAMICALLY  CLASSIFIED  AS  TYPHOONS  FROM  DATA  DE¬ 
RIVED  FROM  WITHIN  THE  EYE  OF  THE  TYPHOON. 

At  the  request  of  Headquarters  Air  Weather  Service,  U$AF,  an 

EVALUATION  OF  THE  GRAPH  HAS  BEEN  MADE,  BASED  ON  INFORMATION  AVAIL¬ 
ABLE  TO  JTWC  DURING  THE  1961  SEASON.  ThE  EVALUATIONS  HAVE  BEEN 
DIVIDED  INTO  TWO  SECTIONS.  FIRST,  RELATING  OBSERVED  INFORMATION  AT 
A  NEARBY  LAND  OR  SHIP  STATION  TO  AN  EYE  DATA  REPORT  AND  THE  SURFACE 
WIND  THAT  THE  VARIOUS  PARAMETERS  OF  THE  EYE  DATA  REPORT  WILL  PRODUCE 
ON  THE  WaCHHOLZ  CHART.  TKE  COMPARISONS  ARE  NOT  SIGNIFICANT  BECAUSE 
OF  DISTANCE  OR  TIME  VARIATIONS  AND  LIMITED  DATA.  THE  SECOND  EVALU¬ 
ATION  CONCERNS  THE  COMPARISON  OF  THE  OBSERVED  PARAMETERS  TRANSLATED 
INTO  SURFACE  WIND  SPEED  VALUES  WITHIN  THE  WACHHOLZ  CHART  ITSELF,  IN 
ADDITION,  THE  CHART  IS  EVALUATED  AGAINST  OBSERVED  WINDS  OF  EACH  EYE 
DATA  REPORT, 

The  SECOND  evaluation  was  accomplished  in  THE  FOLLOWING  MANNER; 

A.  The  reported  sea  level  pressure,  700  mb  height,  700  mb 
TEMPERATURE  AND  700  MB  WIND  WERE  CONVERTED  INTO  A  SURFACE  WIND  VALUE 
FOR  ALL  TYPHOON  EYE  DATA, 

B.  Each  converted  parameter  and  the  observed  surface  wind  was 

COMPARED  WITH  THE  700  MB  WIND  CONVERTED  TO  A  SURFACE  WIND  VALUE  ON 
SCATTER  DIAGRAMS. 

C.  The  DATA  WAS  SCREENED  TO  REMOVE  EYE  DATA  REPORTS  THAT  WERE 
IN  ERROR  WHEN  COMPARED  CHRONOLOGICALLY.  FOR  EXAMPLE,  ASSUME  THAT  IN 
ONE  REPORT  ALL  PARAMETERS  APPEARED  REASONABLE  AND  IN  THE  FOLLOWING 
REPORT  THE  700  MB  HEIGHT  INCREASED  IN  VALUE,  THE  SURFACE  PRESSURE 
DECREASED,  AND  THE  REMAINDER  OF  THE  INFORMATION  WAS  UNCHANGED.  THE 
LATTER  REPORT  WOULD  BE  REMOVED  FROM  THE  SAMPLE  TO  BE  EXAMINED,  |N 
THIS  MANNER  DATA  THAT  APPEARED  TO  CONFORM  TO  THE  WACHHOLZ  CHART  AS 
WELL  AS  SOME  DATA  THAT  DID  NOT  CONFORM  WERE  REMOVED. 
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UND/SHIP 

OBSERVATIONS  COMPARED 

WITH  HACHHOLZ 

CHART 

station/hi  HD  KTS 

date/time 

HACHHOLZ  CHART 

ACPT  SFC  HND 

FIX  FROM  station/remarks 

ULITHl/29 

252355Z 

T83,H82,M68,P68 

80  KTS 

TESS,  252145Z  MAR,  180  Ml  M 

two  JiMA/G  57 

291112Z 

T100,H78,M80,P60 

70  KTS 

IDA,  290800Z  JULY,  48  Ml  SE 

BATANNES/12 

060000Z 

T58,H94,M80 

100  KTS 

JUNE,  060150Z  AUG,  30  Ml  NNE 

BATAHNES/40,G  65 

241100Z 

T154,H108,H105,P110 

150  KTS 

LORHA,  240900Z  AUG,  54  Ml  E 

HPRE  (ship)/70 

110900Z 

T90,H144,H160,P138 

PAMELA,  110808Z  SEPT,  206  Ml 
ENE,  22.4N  124.3E 

TACHIKAHA/25,G  41 

092330Z 

T104,H70,M95,P70 

80  KTS 

VIOLET,  092130Z  OCT,  100  MKS 

yokosuka/48, G  74 

092230Z 

T104,H70,H95,P70 

VIOLET,  092130Z  OCT,  62  Ml  S 

YAP  ATOLL/G  35 

2401 30Z 

T62,H62,P68 

50  KTS 

BILLIE,  232240Z  OCT,  295  Ml  NE 

IMO  JIMA/30,G  51 

270052Z 

T87,H85,HaO 

35  KTS 

BILLIE,  262250Z  OCT,  77  Ml  E 

IHO  JIHA/29,G  37 

132138Z 

T88,H87,M120,P87 

140  KTS 

DOT,  132200Z  NOV,  320  Ml  ESE 

NOTE: 

G  >  Gusts 

T  -  Tchpcraturc^  700  mb  converted  to  a  surface  wind  value,  kts 
H  -  Height,  700  mb  converted  to  a  surface  wind  value,  kts 
W  «•  Mind,  700  mb  converted  to  a  surface  wind  value,  kts 
P  >  Reported  sea  level  pressure  converted  to  a  surface  wind  value,  kts 


0.  The  converted  700  mb  observed  wind  was  subtracted  from  the 
converted  VALUES  OF  THE  700  MB  HEIGHT^  SEA  LEVEL  PRESSURE^  700  MB 
TEMPERATURE,  AND  FROM  THE  REPORTED  SURFACE  WIND.  THIS  DIFFERENCE  WAS 
PLOTTED  AGAINST  NUMBER  OF  CASES  TO  PRODUCE  A  GRAPH  OF  EACH  PARAMETER 
AS  INDICATED.  FIGURE  2  REPRESENTS  97  CASES j  FIGURE  3,  103  CASES; 
FIGURE  4,  90  CASES  AND  FIGURE  5  REPRESENTS  99  CASES.  ThE  VARIATION 
IN  CASES  REPRESENTS  FAILURE  TO  REPORT  A  PARTICULAR  PARAMETER  BY  THE 
AIRBORNE  OBSERVER.  FrOM  THE  ORIGINAL  UNCORRECTEO  SAMPLE  OF  119  CASES, 
THE  MAXIMUM  POSSIBLE  NUMBER  OF  CASES  WOULD  BE  103. 

The  700  mb  wind,  derived  from  the  Doppler  wind  reporting  system 

IS  THE  MOST  ACCURATE  INFORMATION  PROVIDED  BY  THE  OBSERVER  AND  WAS 
USED  AS  THE  CONTROL  FROM  WHICH  OTHER  REPORTED  DATA  WOULD  VARY.  THERE 
IS  A  HUMAN  ELEMENT  INVOLVED  IN  COLLECTING  THE  OPTIMUM  700  MB  WIND 
SINCE  EYE  PENETRATIONS  BY  SKILLED  CREWS  ARE  USUALLY  SAFE  ONES,  FOR 
THE  AIRCRAFT  COMMANDER  IN  COORDINATION  WITH  OTHER  CREW  MEMBERS  WILL 
SELECT  THE  WEAKEST  ZONE  OF  THE  WALL  CLOUD  TO  PENETRATE.  THIS  IS  LIKE¬ 
LY  TO  BE  THE  AREA  OF  LEAST  VERTICAL  MOTION  AS  WELL  AS  LEAST  HORIZON¬ 
TAL  MOTION  WITHIN  THE  WALL  CLOUD;  THUS,  THE  MAXIMUM  OBSERVED  700  MB 
WIND  IS  NOT  TRULY  REPRESENTATIVE  OF  THE  OVERALL  CONDITION  OF  THE  WIND 
AT  THAT  LEVEL.  BECAUSE  OF  THIS,  THE  700  MB  HEIGHT  IS  CONSIDERED  TO 
Br  MORE  REPRESENTATIVE.  It  IS  MEASURED  WITHIN  THE  TYPHOON  EYE  AND 
THERE  ARE  FEW  PROBLEMS  TO  SECURING  A  REASONABLY  ACCURATE  VALUE  THAT 
REPRESENTS  THE  OVERALL  CONDITION  OF  THE  TYPHOON,  A  COMPARISON  BE¬ 
TWEEN  THE  700  MB  HEIGHT  AND  THE  700  MB  WIND,  BOTH  REDUCED  TO  A  SUR¬ 
FACE  WIND  VALUE,  REVEALS  23  CASES  BETWEEN  PLUS  5  KTS  AND  MINUS  5  KTS, 
25  CASES  BETWEEN  PLUS  6  AND  PLUS  15  KTS  INCLUSIVE.  THIS  DATA  PRO¬ 
DUCES  A  CURVE  THAT  INCLUDES  65  PERCENT  OF  CASES  BETWEEN  MINUS  15  AND 
PLUS  15  KTS.  The  scatter  diagram  indicates  that  60  percent  of  the 
DATA  WAS  WITHIN  10  PERCENT  OF  THE  SPEED  VALUE  AXIS  FOR  ALL  SPEEDS, 

This  is  probably  within  the  limits  of  consistent  observing  and  fore¬ 
casting  OF  TYPHOON  intensities, 

A  comparison  between  the  reported  surface  wind  and  the  700  MB 

WIND  reduced  to  A  SURFACE  WIND  VALUE  INDICATES  THAT  THE  REPORTED 
WIND  WAS  FASTER  THAN  THE  COMPUTED  WIND,  AND  THE  CURVE  IS  SKEWED  SIM¬ 
ILARLY  TO  THAT  OF  THE  700  MB  HEIGHT  CURVE,  ThE  BOUNDARY  OF  MINUS  15 
TO  PLUS  15  KTS  INCLUDES  40  PERCENT  OF  THE  DATA,  AND  31  PERCENT  OF  THE 
DATA  WAS  WITHIN  10  PERCENT  OF  THE  SPEED  VALUE  AXIS  FOR  ALL  SPEEDS  ON 
THE  SCATTER  DIAGRAM, 

The  MINIMUM  SEA  LEVEL  PRESSURE  CURVE  INDICATES  THAT  THIS  PRESSURE 
PROVIDES  A  SURFACE  WIND  SPEED  VALUE  HIGHER  THAN  THE  700  MB  WIND,  58 
PERCENT  OF  THE  DATA  BETWEEN  MINUS  15  AND  PLUS  15  KTS,  AND  THAT  49 
PERCENT  OF  THE  DATA  WAS  WITHIN  10  PERCENT  OF  THE  SPEED  VALUE  AXIS  FOR 
ALL  SPEEDS  ON  THE  SCATTER  DIAGRAM. 

The  700  mb  temperature  curve  provides  an  interesting  variation 

FROM  THE  OTHER  CURVES.  ONLY  37  PERCENT  OF  THE  DATA  RANGES  BETWEEN 
PLUS  AND  MINUS  15  KTS,  40  PERCENT  OF  THE  DATA  IS  WITHIN  10  PERCENT 
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OF  THE  SPEED  AXtS>  AND  EXPERIENCE  INDICATES  THE  TEMPERATURE  TO  BE 
LEAST  RELIABLE  OP  ALL  DATA  TO  PROVIDE  A  SURFACE  WIND  VALUE.  EXAM¬ 
INATION  OF  THE  DATA  REVEALS  THAT  WHEN  THE  TEMPERATURE  IS  WARMER  THAN 
NORMAL  ACCORDING  TO  THE  HACHHOLZ  CHART,  THE  SURFACE  WINDS  FREQUENTLY 
INCREASE  IN  SPEED;  THAT  IS,  THE  TYPHOON  INTENSIFIES.  WHEN  THE 
TEMPERATURE  IS  COOLER  THAN  WOULD  NORMALLY  BE  EXPECTED,  THE  WIND 
SPEED  DECREASES.  THIS  RELATIONSHIP  WILL  BECOME  A  RESEARCH  PROJECT 
OF  THE  COMING  YEAR  TO  DETERMINE  THE  SIGNIFICANCE  OF  THIS  INDICATION. 

The  QUESTION  of  bias  of  reported  DATA  HAS  ARISEN  SEVERAL  TIMES 
CONCERNING  THE  USE  OF  THE  WACHHOLZ  CHART  BY  JTWC.  THIS  POSSIBILITY 
CERTAINLY  EXISTS  AND  CANNOT  BE  DISCOUNTED.  THERE  IS  SOME  SIMILARITY 
TO  THE  VARIATION  CURVES  PRESENTED.  THE  SCATTER  DIAGRAMS  AND  THE  DIS¬ 
TRIBUTION  OF  THE  DATA  ON  THE  VARIATION  CURVES  DO  NOT  SUPPORT  THE  USE 
BY  THE  AIRBORNE  OBSERVER  OF  THE  HACHHOLZ  CHART  ITSELF  OR  ANY  OTHER 
TOOL  THAT  CONSISTENTLY  RELATES  SOME  OBSERVED  PARAMETER  TO  THE  REPORTED 
SURFACE  WIND  ON  A  DAY  TO  DAY  BASIS  THROUGHOUT  THE  YEAR. 

Examination  of  available  data  produces  two  conclusions.  First, 

AN  AVERAGE  OF  THE  700  MB  WIND,  MINIMUM  SEA  LEVEL  PRESSURE  AND  700  MB 
HEIGHT  WILL  PRODUCE  A  SURFACE  WIND  VALUE  SLIGHTLY  LESS  THAN  THAT  RE¬ 
PORTED  BY  THE  AIRBORNE  OBSERVER  ON  A  SEASONAL  BASIS.  SECOND,  THE 

WACHHOLZ  Chart,  the  first  to  correlate  all  significant  measured  para¬ 
meters  WITHIN  THE  TYPHOON  EYE,  IS  AN  EXCELLENT  TOOL  FOR  USE  BY  THE 
typhoon  duty  officer  as  INDICATED  IN  THE  FIRST  PARAGRAPH. 

Sufficient  data  is  now  available  from  the  1960  and  1961  seasons 
to  effect  several  minor  changes  to  the  chart,  a  project  which  Captain 

WACHHOLZ  INDICATED  TO  BE  DESIRABLE  WHEN  THIS  SUPPORTING  DATA  BECAME 
AVAILABLE. 
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SFC  HIND  -  AS  REPORTED  BY  AIRBORNE  OBSERVER 
700  MB  HIND  -  CONVERTED  TO  SURFACE  HIND  VALUE 


FIG.  2 
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700  MB  HEIGHT  -  CONVERTED  TO  SURFACE  HIND  VALUE 
700  MB  MIND  -  CONVERTED  TO  SURFACE  MIND  VALUE 


FIG.  3 
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MIN  SLP  -  CONVERTED  TO  SURFACE  HIND  VALUE. 
700  MB  HIND  -  CONVERTED  TO  SURFACE  HIND  VALUE 


FIG,  4 
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700  MB  TEMP  -  CONVERTED  TO  SURFACE  WIND  VALUE 
700  MB  WIND  -  CONVERTED  TO  SURFACE  WIND  VALUE 


FIG.  5 


APPENDIX  A 


DEFINITIONS  AND  ABBREVIATIONS 

1.  Certain  words  that  appear  frequently  in  this  report  are  abbre-  . 
VIATED  AS  follows; 

FEET  -  FT 

knot(s)  -  ,kt(s) 

millibar  or  millibars  -  MB 

nautical  miles  •  Ml 

Weather  Reconnaissance  Squadron  >  WRS 

2.  Points  of  the  compass  are  abbreviated:  N,  SE,  WNW,  etc. 

3.  Latitude  and  longitude  are  abbreviated:  30N  140E,  etc, 

4;  An  investigation  is  the  traverse  of  a  reconnaissance  aircraft 

OVER  AN  AREA  CONTAINING  A  SUSPECTED  CIRCULATION  THAT  HAS  BEEN  ASSIGNED 
A  CYCLONE  NUMBER. 

5,  A  FIX  IS  THE  DETERMINATION  OF  THE  POSITION  OF  A  TROPICAL  CYCLONE 
AT  A  PRECISE  TIME,  GENERALLY,  THE  TERM  ”fIX''  IS  USED  WHEN  THE  POSI¬ 
TION  OF  THE  CYCLONE  HAS  BEEN  DETERMINED  BY  A  RECONNAISSANCE  AIRCRAFT 
PENETRATION  OR  BY  AIRBORNE,  LAND  OR  SHIP  RADAR,  |n  THE  CASE  OF  A 
RECONNAISSANCE  AIRCRAFT  PENETRATION,  THE  ACTUAL  FIX  MAY  BE  BASED  ON 
ONE  OR  ALL  OF  THE  FOLLOWING:  VISUAL  OBSERVATION,  RADAR,  SURFACE 
PRESSURE,  SURFACE  OR  UPPER  LEVEL  WINDS,  CONSTANT  PRESSURE  HEIGHT, 

AND  TEMPERATURe/oEW  POINT. 

6,  A  SORTIE  IS  DEFINED  AS  A  FLIGHT  BY  ONE  AIRCRAFT  WITH  ONE  OR 
MORE  OBJECTIVES,  I.E.,  IT  MAY  MAKE  ONE  OR  MORE  FIXES  ANd/or  ONE  OR 
MORE  INVESTIGATIONS  ON  ONE  OR  MORE  TROPICAL  CYCLONES. 

7,  The  term  "tropical  cyclone"  or  "cyclone"  as  used  in  this  publi¬ 
cation  HAS  TWO  DEFINITIONS  DEPENDENT  UPON  USAGE. 

A,  "Tropical  cyclone"  or  "cyclone"  is  used  to  describe  a  sus¬ 
pected  TROPICAL  cyclonic  CIRCULATION  WHICH  APPEARS  CAPABLE  OF  INTEN¬ 
SIFICATION,  AND  TO  WHICH  HAS  BEEN  ASS  I GNED  A  "cYCLONE  NUMBER*'  FOR  THE 
PURPOSES  OF  reconnaissance  AND  TO  ASSURE  THAT  RECORDS  REGARDING  IT 
ARE  NOT  CONFUSED  WITH  THOSE  OF  ANOTHER  CIRCULATION. 

B.  "Tropical  cyclone"  or  "cyclone"  is  used  in  the  general 
SENSE,  E.G,,  "Typhoon  JOAN  was  the  most  intense  tropical  cyclone  of 
1959,"  OR,  "Tropical  cyclones  most  frequently  develop  during  August 
AND  September." 


240 


8,  A  TROPICAL  DEPRESSION  IS  A  TROPICAL  CYCLONE  WITH  A  CONFIRMED 
CYCLONIC  CIRCULATION,  FOR  WHICH  WARNINGS  ARC  BEING  ISSUED  AND  WHOSE 
SURFACE  WIND  SPEEDS  DO  NOT  EXCEED  33  KTS.  ThE  NUMBERING  OF  TROPICAL 
DEPRESSIONS  IS  NOT  RELATED  TO  THE  NUMBERING  OF  TROPICAL  CYCLONES. 

9,  The  following  define  and  clarify  certain  words  and  phrases 

THAT  appear  in  THE  TABLES,  "LANO  RADAR  AND  AIRCRAFT  FIXES,”  CHAPTER  IV. 

A.  FIX  NO.  -  This  number  corresponds  to  the  number  of  the  fix 

PLOTTED  ON  THE  "BEST  TRACK  CHART," 

b.  time  -  The  date-time  group  of  the  fix, 

c.  LAT,  -  Latitude  of  the  fix. 

D.  LONG,  -  Longitude  of  the  fix, 
e.  unit  method  &  ACCY  - 

(1)  UNIT  -  The  unit  that  made  the  fix:  56  -  56th  Weather 
Reconnaissance  Squadron;  315  -  315th  Air  Division;  VMI  -  VW-1  Early 
Warning  Squadron. 

(2)  METHOD  -  The  method  used  to  make  the  fix:  P  -  pene¬ 
tration;  R  -  radar;  T  -  TR I  ANGULATION. 

(3)  ACCY  -  The  estimated  accuracy  of  the  fix  in  nautical 

MILES. 

F.  MIN  SLP  MB  -  The  minimum  sea  level  pressure  in  millibars. 

G.  MAX  SFC  WNO  -  The  maximum  observed  surface  wind  in  kts. 

H.  MIN  700  MB  HGT  -  The  minimum  700  mb  height  in  ft, 

I.  MAX  700  MB  WNO  -  The  maximum  700  mb  wind  in  kts, 

j,  700  MB  TT/Td  (OC)  -  The  maximum  700  mb  temperature  and  dew¬ 
point  IN  degrees  centigrade. 

k.  eye  characteristics  -  Selected  remarks  on  the  character¬ 
istics  OF  the  eye, 

SC  -  strato-cumulus  DIA  -  diameter 

CIRC  -  circular  ell  ip  -  elliptical 

CLD(S}  -  cloud (s)  ELONG  -  elongated 

CTR  -  CENTER  INDEF  -  INDEFINITE 
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ORIEN  -  ORIENTED 


SFC  -  SURFACE 


QUAD(S)  -  quadrant(s)  WND  -  wind 

RAO  -  RADIUS 

10.  A  "Stidd  Diagram”  is  a  chart  on  which  a  continuous  plot  of  sur¬ 
face  OBSERVATIONS  IS  MAINTAINED  FOR  A  SERIES  OF  STATIONS.  THE  OBSER¬ 
VATIONS  FOR  EACH  INDIVIDUAL  STATION  ARE  PLOTTED  IN  EITHER  A  HORIZONTAL 
OR  VERTICAL  LINE. 

n.  The  ”M2  Field”  is  the  correction  for  the  coriolis  parameter 
APPLIED  to  the  500  MB  DOUBLE  SPACE  MEAN. 

12.  The  ”Bar”  is  the  heavy  bank  of  clouds  that  appears. on  the  hori¬ 
zon  with  the  approach  of  an  intense  tropical  cyclone, 

13.  Recurvature  -  That  point  at  which  the  cyclone  ceases  movement 

TO  THE  H  of  N  AND  COMMENCES  MOVING  TO  THE  E  OF  M, 

14.  Several  commands^  organ izations^  and  areas  that  appear  frequently 

IN  THIS  REPORT  ARE  ABBREVIATED  AS  FOLLOWS: 

JMG  PACOM  -  Joint  Meteorological  Group^  Pacific  Command 

NMC  -  National  Meteorological  Center  (formerly  JNWP,  Joint 
Numerical  Weather  Prediction) 

FWC/JTWC  -  Fleet  Weather  Central/Joint  Typhoon  Warning  Center, 
Guam,  M.  I. 

FAFWC  -  Fuchu  Air  Force  Weather  Central,  Fuchu  Air  Station,  Japan 
FNWF  -  Fleet  Numerical  Weather  Facility,  Monterey,  California 
WESTPAC  -  Western  North  Pacific  Area 
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